Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




^^^^ 



ELEMENTS 



or 



NATURAL PHILOSOPHY: 



EMBRACING THE 



GENERAL PRINCIPLES OF MECHANICS, HTDROSTATICS, 

HYDRAULICS, PNEUMATICS, ACOUSTICS, OPTICS, 

ELECTRICITY, GALVANISM, MAGNETISM, 

AND ASTRONOMY. 

ILLUSTRATED BY SEVERAL HUNDRED ENGRAVlNGa 

DESIGNED FOR THE 

UISE OF SCHOOLS AND ACADEMIES. 



.^ 



BY LEONARD D. GALE, M. D. 

Piofeisor of Geology and Mineralogy in the University of the City of New Yod^ 
and Lecturer on Chymletry and Natural Philosophy. 



NEW YORK: 

COLLINS, KEESE & CO., 254 PEARL STREET, 
W. E. DEAN, PRINTER, 2 ANN STREET. 



183 8. 






98967yA j 



X-M.^iM^^bJ 



Entered aeeording to the act of Oomn^ese, In the year 18a7i by 

THOMaS M'ELtlATH, 

III fha Cleik'e Office of the District Court of the Southern District of the State of 

New York. 



STBBKOTYPED BY REDFIBLD ft LINDSAY, 
No. U Ctaambera street, New Toik. 



PREFACE. 



The following work, designed for the use of schools and 
academies, embraces those portions of physical science 
usually presented in elementary works under the title of 
Natural Philosophy, including also a treatise on Astronomy. It 
does not pretend to be an entirely original work, though many 
of the illustrations and observations are the results of the 
author's own experiments, and so far as he is aware, are not 
to be found in any of the elementary books. The general 
plan of the work is that of Blair's Philosophy — a work which 
has been repeatedly published in this country, and afforded 
the matter for numerous other works purporting to be treatises 
on 'the same subject, without any acknowledgment of the 
sources from whence the compilers received their matter. 

It has been the design of the author to preserve the plan 
of Mr. Blair, to omit such of his propositions as are anti- 
quated, and to bring the work down to the present state of the 
science. In order to do this properly, it was necessary, not 
only to add much to the matter, but also .to illustrate the dif- 
ferent subjects with a greater variety of engravings ; and in the 
latter particular, the author is happy to state, the publishers have 
spared no expense. From the length of time that many of the 
principles and propositions herein contained, have been known, 



it would be almost impossiUe to tnce them to their proper 
sources ; it is therefore deemed snfficient to say, that they 
hare been c<^ecied from all the popular works on the subject, 
and put into such form as to be intelligible, and it is hoped 
interesting, to those for whom it was designed. 

The treatise on Astronomv b mostly from Smith's edition 
of Blair, a treatise highly creditaUe to Mr. Smith, and one 
which it was found impracticable to present in a more con- 
cise form.* Some parts of it, howerer, were considered too 
scientific for the purposes for which it was designed, and ac- 
cordingly, such portions have been removed, and their places 
supplied with other and more popular matter. 

The merits of the present work are, that it contains a larger 
amount of matter in the same apace than is found in most of 
the works designed for the same purpose. The principles 
and propositions being put in a large, and the illustrations and 
observations in a smaller type, tend to keep each department 
distinct, and thus prevent confusion in the mind of the learner. 
A great number and variety of illustrations have been added, 
and questions arranged at the bottom of the page, correspond- 
ing to the propositions : and while the language is sufficiently 
scientific for accuracy, the author trusts it is sufficiently plain 
and popular to be understood by all. 

* An arraimaiieiit was made with the ownera of the oopyrigfat of Smith's 
edition of Blaii^ to make such use of it aa the author deemed proper. 
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ELEMENTS 

OP 

NATURAL PHILOSOPHY. 



GBKBRAL PROPERTIES OF MATTER. 

I. Matter is a general temiy applied to every thing or 
substance that occupies space, or hath length, breadth, 
and thickness. ^ 

II. Matter possesses the foUowinff general properties : — 
/Indestructibility, Extension, Divisibility, Impene- 
trability, Inertness, and AttractionJ 

III. / Indestructibility, applied to matter, signifies 
that it can never be annihilated or destroyed./ 

Ob»ervation. There is the same quantity of matter now in the uniyene 
that existed at the creation of it ; conseouently, nothing has been added or 
ttkea away. What is often taken for destruction, is nothing more than a 
change of form ; — for instance, a piece of charcoal, or a wax candle, in bum- 
ing^ ^adually wastes away, without visibly losing any thing ; until at length, 
nothmg remains but a minute quantity of ashes. Here the charcoal and the 
wax have only changed thdr form from the solid state to a species of air, both 
transparent and invisible, like the atmosphere with which it has mingled. 

IV. Extension is the property of occupying space. 

Obaenatum, It is evident that every particle of matter, however small 
must occupy some space; it must, therefore, have lengtli, breadth, ana 
thickness. 

V. Divisibility is that property of matter by which 
its parts may be separated ; to this division we can as- 
sign no limits. 

BhutraUcn 1. A grain of gold may be hammered by the goldbeaters to 
rach a degree of fineness, that the two-millionth part of a grain may be seen 
by the naked eye. These leaves are so thin, that if made into a book, one 
diousand and five hundred would only equal in thickness a single leaf of 
writing paper. 
««•— ^— — — ^— — — ^.— — — ^— ^— ^-^-^>— >.— — ^— ^— •— >_— _—— ._^_^i— _..^_— ^— ^^^ 

L Define matter. H. What are the general properties of matter? m. What Is 
todMtructibility 1 What observation on indestructibility 1 IV. Define extension. 
What is the observation on extension % V. Define divisibility. 1. What is the iUos- 
tntkm by gold leaf 1 



10 QBNERAL 

Z Oald Ibm u made of silver wire, coaUd with gold, and this wrought 
into the necauary forms. The thickness of the gold la Blill moro minute 
than [hat in goldleaf. 

3. Dr. Wollaaton ealimalcd that a single ounce of gold covering such 
wire, would eitend more than thirteen hundred miles: and siitceu ounces 
would cover a wue of Bufficienl length to encircle the globe. 

4. Fourteen milllonB o[ films, hke that on gilded wire, would equal onl; one 
mch in thickness ; while the same number of thickneesoe of wridng paper 
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E. In Lhe milt of the cod fish, or in water in which ccrti 

bean infiised, the microscope delects atiimalR many thou — 

^[her do not exceed in bulk a grain of sand; yet each of these must have 
Its bloodvesBcIa, and the fluids circulating in thsm ; and in all, must be 
M perfect in iheu- formation as larger animals. 

B. The Mioiiferoua panicles ofhodies must be still more minute. A angle 
grain of musk will scent an aidinary-azed room for twenty years, without 
toeing any Beusihle weight. 

VI. Impenetrability. By this term we mean that 
no two bodies can occupy tlie same space at tiie same 
time. 

lOualratbm 1. If a piece of wood, or metal, occupy a certain space, be- 
fore any thing else can take possession of that apac^ the w" -" ' 
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just merls the water. A portion of air will then 
be confined in the tube, and separaied from the 
real of the atmosphere. (See wood cut No. I.) li, 
now, the tube T be deprcswd <o the hoLtom of 
the vessel, as m (\^. 2, we sliall Fiec that the water 
will not m\ it, beinB eicluded by the impenetis- 
bihty of the enclosed air. 

In the first case, the water Is not even sensibly 
compressed, while in the second, the air iB very 
much compressed i but in both caaes, every par- 
ticle of the fluid is removed before the piston or 
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GENERAL PROPERTIES OF BCATTBR. 11 

VII. Inertness or Inertia, applied to matter, denotes 
that it has no power to put itself in motion ; and, if once 
put in motion, it has no power to stop itself. 

UliLstratum 1. It is evident that matter, as a stone, can never put itself 
in motion, unless it be acted upon by external force; and hence, if we ob- 
serve a mass of matter undergo a change, wc never seek the cause of that 
change in the body itself, but look for some external cause producing it. 

2. The same property that renders matter incapable of putting itself in 
motion, also renders it mcapable of increasing or oiminishing any motion it 
may have received firom an external cause. 

VIII. The causes which retard the motion of bodies 
about the earth are friction, weight of the body, and 
resistance of the air. 

Blwitratian 1. A marble ^hot from the fingers would run but a small 
distance on a carpet : its motion would be continued much longer on a flat 
pavement; and longer still on fine smooth ice. Here the fiiction is greatest 
on the carpet, and least on the ice. If the friction and weight were quite 
removed, and the resistance of the air also, the marble once put in motion 
woidd continue in that state for ever. 

2. The resistance of the air is shown in various familiar instances ; as in 
using the fan holding an open umbrella against the current in a windy 
day. 

s. A clock pendulum set in motion in an exhausted glass receiver will con- 
tinue to vibrate much longer than in open air. 

4. If a ball were fired from a cannon with a certain velocity, and there 
were no resistance from the air, it would circulate round the earth perpetually, 
and never come to a state of rest. On this principle the moon revolves 
round the earth, and the earth round the sun. 

6. A man, standing carelessly at the stern of a boat, falls backward, if the 
boat be suddenly pushed from the shore, because his feet are carried for- 
-ward, while the inertia of his body tends to retain it in the same position ; 
and if the boat in rapid motion be suddenly stopped, he will be in danger of 
fiillinff forward. 

6. A man jumping from a carriage at speed is in danger of falling, after 
his fert reach the ground ; for his bodv has gainled the velocity of the car- 
riage, and is carried forward, while tne feet are suddenly arrested hy the 
ground. Hence, as a general rule, it is always safer to remain in a carriage, 
when the horses become ungovernable from fright, than to leap from it. 

7. A person wishing to leap over a ditch or chasm, first runs from a short 
distance, that tlie motion thereby acquired may help him over. 

IX. By Attraction is meant the tendency that bodies 
have to approach each other. 

Illustration 1. One of the most familiar ilhistrations of this property is 
seen in the attraction of steel by the magnet or loadstone. 

Vn. Define inertia. I. Give the first illustration. 2. Give the second. VIII. What 
are the causes which retard motion 1 1. Give the first illustration. 2. Give the 
second. 3. Give the third. 4. Wljat illustration by the cannon-ball, the moon, and 
the earth? 5 What illustration hv a boat? 6. Whatremarlc on the carriage? 7. 
What on leaping over a ditch 1 IX:. Define attraction. 1. What is the first illuBtra- 
Honl 
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IS ORISAL PBOPmnSS W MA' 

2L Lofl^ of wood Ikwtiiig in a pood of water ^yproacfa each other, and 
ward remain in contact 

3. The wreck of a afaqi^ in a amoothaea after a storm, ia often Been gadiered 
intohe^)a. 

X. There are fiye kinds of attraction : Gratitation, 
Cohesion, Capillary, Electrical, and Chemical 
Attraction. 

XI. The attraction of gravitation is that by which 
bodies, at sensible distances, tend to approach each other. 

BUutraUon I. Thus the moon draws lap the waters of the ocean to form 
tides ; the sun and earth are attracted towards each otfifr; and a heavy 
body dropped from a height fidls to the snr&oe of the earth. 

2. Every particle of matter in the miiverse is attracted to every other nar- 
ticle. In the sohir systeuL all the planets g[ravitate towards the son, ana by 
his attraction are retained in Aeir orbits in the same manner that a boy 
retains a stone in a sling while giving it a whirling motion, before he throws 
it at a distant object. 
Fig. a 

fB ^^ XII. By gravity, all terrestrial bo- 
1 dies tend towards the centre of the 

j / earth ; and in all places equally dis- 
tant from that point, the force of grav- 
ity must be equal. 

/ \ / \ •2!E^u'^''<>^^<»^ 'l^his may be illiistrated by the 

xompanjring diagram. E E being a portion of 
e earth's surfoce, and D its centre ; the bodies 
db C, when allowed to drop, will fedl in the ^- 
lOnofAD, BD,&rCD. 

XIII. The mutual attraction of any two bodies for each 
^ther is in proporti^ to the quantity oi matter they contain. 

JlkutratUm, U^jm^Y ^^Y ^ Attract another body B with a force of five 
pounds^ a body Iveighmg double that of A would attract B with a foree of 
ten pounds. This law supposes the distance in each case to be the same. 

XIV. The attraction of gravitation between any two 
bodies increases as the square of the distance decreases, 
and decreases as the square of the distance increases. 

JBhutrution 1. Thus : if two bodies, placed 4 feet apart, be attracted 
with the force of 1 pound, at the distance of 2 feet the attraotion will be 4 
pounds, or the square* of 2, which is the distance. 

* The aquare of any namber is the product obtained by mnltiplTinf that Bmnber 
Into itself. Thus : 2 multiplied into itseli; or by itself is 4 ; 4 multiplied by 4 is 16 : 
h snce, 4 is the square of 2, and 16 is the square of 4. 

What is the second 1 What is the third? X. How many kinds of attraction are 

** 1 XL Define the attraction of graTitation. What is the first illustration 1 What 

' lAcondl XII. What is the law of terrestrial bodies? Illustrate by the di*- 

Xni. What is the law of attraction as to matter? How illustrated. XIV. 

aw as to distance 1 Give the first illustration. 




2. U, an thecontnry, Iba attraction at the distuice of 3 feet b« 27 pound*) 
IX the diBtaoce of 6 feet the altractioa will be only 3 pound*. 

XV. The attraction of gravitation can be proved by 
experiment. 

ObtervoHmy TTia firit ocouired to some Preoch philoeophora, who wen 
■BDt out to make loine expeiimenlH on point ChiiDboraio, iu South Americ*. 
"HieM gailletaen obsetTed, tbst a heavy ireJEht allachRl to a Ions line 
-_j j_i > .1. j:— i„ Ja. ,f (he mountain, was^awn 

observed by the Frenoh pbSc 



. , the perpendiculflT 

o the peipaiilicular lownidB the mountain. 
. nw pUDc»nena 



Rg.*. 




•opbeiB, gave nee 
— . — „aon amongst man 

- of Bcience, in diffirent countnes ; and 
it was thought desirable loaettie tbe 
matter b^ an eqenmen^ made ex- 
preealyfoTlbe puipose: and, accord- 
mgly, George III. sent Dr. Maeke- 
Irn^ the ABtronomer Royal, to 
Soolland, in 1772, to make aiinilar 
eiperimenis on the nonh and south 
■ides of Schehalliea, a high and solid 
mounlain in PeiihaluTe. The plumb- 
line was found to deviate from the 
perpendiculir, seven seconds, to- 

' waraa the aide of the mountam, as 
■asQ in tbe wood-cat, Fig. 4. 

3. Tliit expeiinient proves the inferences of {Bsccdjng obMrvers, and the 
univeTsaliij of the gnvitaiing power. 

4. The mfluence of generDt gravitation was also experimentBllv demon- 
■■ ~ a difierenl manner, by Mr. Henry Cavandisb, in 1788. 

E^. 5. Two small metsllic balls, C and D, 

were fixed at the opposite ends of a 
vprv linhr deal rod, which was sus- 
lonlally, al iu centre E, by 
This arm, after oscillating 
lorizontall; by the twisting 
and untwisting at the wirc^ came 1o rest in a certain position. Two great 
■pheiical manes, org^bes of lead, A and B, were thfu brought into such a 
ptnitioiL that the aitraclion of «ther globe would turn the rod C D on iu 
centre E, in the some direction. Uy obserting the eil«it qf (he space 
thnngh which the end of the rod moved, and ibe limes of the oscillaiians 
wfaen the riobea were withdrawn, the proportion was discovovd between 
thn fAiel of the dastidty of the wire, and the gravilaliaa of the balls towards 
en ^bes ; and a medium of all the observations bong taken, Iha 
sntdist was enabled to ascertain not only the actual mfluence of 
gTavitsCian on terrestrial bodies in general, but likewiae ita relativB influence 
as depending «D the density of the attracting body. 

XVI. The force of gravity iB less at the equator than 
it is at the poles, because the equatorial diameter is several 

Utisctlonor gmtitAtton proved by ejrperlmencl 

.J HOle it lbUaw«cl) WhiU did Hukel^e'i sa- 
il. CavsadUli'a eiperUneiil. ZVL WhallaiaklofllM 
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14 awMn, ruoteamEB or mattul 

milet longer than tbe polar diameter, and becanae the 
fwinf , or centrifugal force of the eajth at the equator 
diminishes the grayity. 

Obtervaiion. 'Hence, a pendtiliim which, m the ladtnde of London, nnist 
be 39.14 inchee in length in order to tibrale seoonda, requiies to be .13 mches 
fborter, or bat 39.01 mcfaee to poform itB Tflitaticme in the same time at the 
•quator. 

XVIL The force of gravity is greatest at the earth's 
surface, from whence it decreases upward and down- 
ward. It decreases upwaid'as the square of the distance 
from the centre, and downward simply as the distance. 

I ObtervaHan I. The power of gravitation is greatest at the sar&ce of th« 
aarth, from whence it decreases both upward and downward ; but not in the 
Mune proportion. The force ofera^ty upward, decreases as the Muare qf 
the dUtance from the centre. Tnis law was explained in Prop. XIV. , but 
mav be fiuther fllustrated« thus : — Gravity, at the surface of the earth, which 
if about 4000 miles from toe centre, is four times more powerful than it would 
be at double the distance, or 8000 miles from the centre. Grravity and weight 
may be taken, in particular circumstances^ as synonymous terms. We sa^, 
a piece of leaa weighs a pound or sixteen ounces, but if by any means it 
oould be carried 4000 miles above the surface of the earth, it would wei^ 
only M of a pound, or four ounces : and if it could be transported to 600O 
miles above the earth, which is three times the distance from the centre that 
the surface is, it would weigh only l-9th of a pound, or something less than 
two ounces. 

2. It is demonstrated, that the force of gravity dotenward decreases, aa 
ISm distance from the surface increases, so that at one half the distance from 
the surface to the centre, the same weight, already described, would weig^ 
only 1-2 a poimd, and so on. 

Thus, a piece of metal, du^, weighings on the surface of the earth, one 
pound, will, 

C The centre, weigh ... 

1000 miles from the centre; . 1-4 pound. 

At ^2000 " «... 1-2 

3000 " "... 3-4 • 

^ 14000 (at the surface,) '. '. 1 

XVIII. Cohesion is the name of that attraction by 
which the particles of bodies are kept together. It acts 
upon the particles only while at insensible distances from 
each other, preserves the forms of bodies, and prevents 
them from failing to pieces. 

Ob§«rv<Uion. It is highly probable, that what is called the attraction of 

MihMrlAn and gravitation, may arise from one and the same cause; and 

:amme bodies, and ascertain the relative distances of their atoms 

Iher, with Uie same facility as we can different bodies themselves, 

does fravl^ Increase and decrease, fh>m the sur£&ce of the earth 1 
aratedl What is saiil of the force of gravity downward) XVUL De- 
What is the observation 1 
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we shoDld probably find the same law of attraction as in gravitation, nanMly, 
that it decreases as the square of the distance increases. 

BhuircUion 1. The most familiar and simple method of illustrating cohd> 
non, consists in preparing two flat surfaces of lead, as two leaden bulletin 
and if the surfaces, fresh and clean, be brought together with a twisting 
motion, thev will adhere with a considerable force. 

2. Two globuies of mercury, being placed near each other, will run to- 
geUier and become one large drop — a union, which can arise only from thor 
stronff attraction. Drops of water will unite in the same miginer. 

3. Fresh-cut surfaces of Indian-rubber will unite in the same way; and, 
in consequence, we are enabled to apply this material to various usenil pur- 
poses, such as air-tight tubes, by cutting off the edges of a thin strip of the 
mbb^ Mrith a pair of scissors, and Smiting the cut sur£Bices with a slight 
pressure. 

4. Two pieces of perfectljr smooth plate glass, or marble, laid upon each 
other, will adhere with considerable force, vvnich will be much increased by 
moistening their surface with a little oil or wateiu 

XIX. It IS owing to the different degrees of cohesion 
in bodies, that some are hard, others soft ; that some are 
in a solid, and others in a fluid state. 

llhtstration 1. It is by virtue of this attraction that solid bodies maintain 
their figure, and are prevented from falling to pieces by their own weight 

2. In all those bodies, called hard, strong, and brittle, the intensity of the 
cohesive force is very great ; but the sphere of its influence seems to be very 
hmited. Such bodies are incapable of being extended or stretched, in a per- 
ceptible degree, and require great force to break or tear them asunder — such 
is cast iron, certain stones, as the diamond, sapphire, &.c. 

3. In some bodies the cohesive force is weak, but the sphere of its action 
considerable. This property allows the particles to move slightly on each 
other, by the application of force ; and when the force is withdrawn, the par- 
tides will return to their original position. Such is the case with all those 
bodies called elastic, as Indian-rubber, and all solids of a soft and viscid 
nature. 

XX. If bodies be in the liquid form, the weight of their 
particles exceeds their mutual attraction ; and if they be 
not confined, as by the bottoms and sides of vessels, they 
will be scattered by their own weight. 

Observation. The particles of a solid body, placed in a vessel, have the 
same tendency, by reason of their weight ; but their cohesive attraction pre- 
dominating^ prevents such an effect. 

XXI. When the particles of a liquid are left to arrange 
themselves according to the laws of attraction, they assume 
a spherical shape. 

What is the first iihistraUon? What illustration with quicksilver? What iUus- 
tration with Indian- robber? What with glass? What is said of the de^ees of 
eohesion 7 What is the first illustration of the proposition 1 lu bodies, hard, strnn^ 
and brittle, wliat is the cohesive force? How is cohesion in elastic bodies? x£ 
What is the cohesion in liqimls ? What is the observation ? XXI. What effsct bsvo 
t)i0 Jaws of attraction on liquids ? 



or MA' 

Uph, dropi of water iIuuwb on ofled wSk. of _ 
Imws of maof vccetabfeB, u the eBbfao^ wiU tdU akibmi tddn^ 
_ Nrisrform. WasernUmffindnpafiomthecrwoftlKhoiiie, mad aim- 
ed Beial pooled from a hdgnt, are uutanoes of the same law. It is ia this 
■*****^ taat leaden shot are made : the bqoid metal is made to &U like raiii. 
from a mBX eleratioii. In its descent, the drops become trnlf riobnlar, and 
before tLry peach the end of their &11, they are hardened, bf cocrtinf, so that 
ther retam their iha|>e. It m, doobtkaa, owinc to the same cohesive power, 
that the heaTenlv bodies hare tTimtr* the sphgncsl form, a miceassry reauk 
from an orifpnallj liqoid slate. 

XXII. Cohesive attraction is remarkably exhibited 
between a sohd and a liquid, as illustrated in tiie following 
instances : — 

JUualralwn 1. A flat piece of glassy balanced at one end of a scale, and 
aOowsd to come in contact with the warftce of water, will adhere to the 
liqiBid with or>n«iderable force. 

2. In pouring water from a Tessd, as a mag, it does not 6J1 at once per- 
fMHHcolarly, but is inclined to nm down the sides of the vta s cJ , AmI eape* 
mDt if it lie moistened, in con8e<]uence of its attraction between this and the 
iqoM; and hence the difficulty in pouring fiiom a vessel that has not a pro* 
Joettng lid. 

sTrhe particles of water cohere so much among themsdves, that ddicate 
■awing needles^ when carefully placed upon the liouid, will float ; the weight 
af the needle not being sufficient to overcome toe cohesion of the water. 
TUa illustration was formerly given as an instance of repuU^n between the 
liquid and the solid. 

4. On the same principle, some insects are comparatively so light, that 
they can walk on the surface of water without being wetted. 

XXIII. It is chiefly owing to the different degrees of 
the attraction of cohesion in different liquids, that causes 
them to pour in different-sized drops. 

Bhistraii&n. Sixty drops of water will fill the same measure as one hnn- 
dred drops of laudanum, or one hundred and fifty dropa of ether. 

XXIV. Attraction exists between some liquids and 

solids, but not between others. 

JBhutrtUion. Thus, quicksilver has no attraction for a glass rod ; but if 
s ttnp of clean metal, aa copper, silver, or gold, be phmgea into that liquid, 
whflo k is withdrawn, it will be coated with the liquid. 

XXV. When the attraction exists between a liquid and 
the interior of a solid, which is tubular or porous, it is 
called capillary attraction. 

JUu»tr<Uion I. Instances of this are innumerable. Liquids are thus draw 



ration of this law. XXH. What remark of loUds and liquids, as to 

the first Illustration. What is said of pouring water from a muf t 

Minted bv a tewing needle, and what was the former explanation t 

1 1nsects 1 XXm. What is the remark on the relative sise of the 

What is the iUustraUon? XXIV. What Is the 24th 

idt XXV. Define capillary sttrsetioiL Whatis 



Mth proposition, and 
the first illostratioQl 
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into ihiBlforeB of sponge, sugar, lamp-widi, Ac Water put into the asqoer 
of a llower-pot, is orawn up, by capillary attraction, into the earth conttkMd 
in thoTesseL 

Fig. 6. 2. When an open glass tube ii 

f)artly immersed in water, the 
i(|uia within the tube rests at a 
higher level than that on the out- 
side ; and the difference of level is 
greater the smaller the bore of the 
tube. 

Experiment 1. Take a number 
of small glass tubes, of difierent- 
sizcd bore, and passing them 
through a thin Htrip of wood, place 
it across a tumbler of coloured 
• water, allowing all the tubes to be 
immersed, as seen in the wood cut, 
the liquid will rise to different 
heights in the several tubes, but 
the highest in the tubes having the 
smallest bore, because the attrac- 
tion is in proportion to the quan- 
tity of surfiice exposed; and the small bore afTords comparatively more sur- 
&ce than the large. 




Fig. 7. 




2. Take two pieces of glass^ five or six inches 
square, join any two of their sides, and separate 
tlie opposite siae^ with a small piece of stick, so 
that the surface may form a small angle; tnea 
immerse them about an inch deep in a basin d[ 
coloured water, and the water will rise between 
the glasses and form a beautiful curve, called a 
hyperbola. See the wood-cut 



3. A mass of cotton lamp-wick, or thread, with one end plunged into a 
wine-&[lass of water, and the other hanging over the edge, will empty the 
vesselin the same manner as a syphon would. A towel wuL empty a basin 
of water in the same manner. 

4. Dry wedges of wood, driven into a groove formed round a pillar of stone, 
on being moistened, will so expand as to force the rock asunder in a line 
with the row of wedges. In this way mill-stones are often spUtout from the 
quarry. 

5. A weight being suspended by a dry rope, will be drawn upward with 
great force, by simply moistening the rope with water. The moisture im- 
med by capillary attraction, into the substance of the rope, causes it to be 
iborter. 

At one time, it was considered that the sap of trees ascended from the 
loots by capillary attraction ; but it is now considered an action pecuUar to 
vegetable Iob. 

XXVI. Electrical attraction, is that which is exhibited 



What is the second ? What is the first cxperiirienr 7 What is the second expert- 
mtnti What is the third 1 Fourth 1 Fiah 7 What is said of capillary attraction in 
t rope, and what of the ascent of sap in irr-es7 XXVI. Define electrical attracticm. 

2* 
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on rubbing a dry glass tube with a dry silk handkerchief, 
by which the tube becomes capable of attracting light 
bodies, such as small pieces of down, paper, &c. 

Observation, MagruHc aUractionf by which power the loadstone attract& 
■ad Uftfl fragments of iron or steel, is now considered only a modification of 
alfldiieal attraction, and will be treated of under that subject 

XXVII. Chemical attraction^ or affinity, is that which 
unites the particles of two or more distinct substances to 
form one compoimd. 

lUustratum. Thus we combine zinc and copper to form brass ; oil of vitnol 
and lime, to form plaster of Paris; and oil of vitriol and iron rust, to form 
eopperas. 

ObtervatUm. There are about fifty-three or fifty-four substances in nature, 
which, in the present state of science, are recognised as distinct from each 
other, and are nere denominated different kinds of matter. Thus, metallic 
tin and silver resemble each other in appearance, but, chemically considered, 
they differ is vndely as quicksilver and water; while the diamond and pure 
dbarcoal, substances so perfectly unalike in appearance, are chemically one 
and the same. 



PARTICULAR PROPERTIES OF BODIES. 

OhaervaUon, Havine described most of the properties common to all 
bodies, together with a few modifications which seem somewhat peculiar, as 
magnetic and electrical attraction ; we have now to notice a few properties 
iiducH, though possessed in a measure by most bodies, predominate in some, 
and almost or entirely disappear in others, such are — 

XXVIII. Porosity, density, hardness, elasticity, brittle- 
ness, malleability, ductility, pliability, and tenacity. 

Obaervation. It is well known that all bodies, when heated, expand or 
become larseis and in cooling, contract or become smaller ; hence, the par- 
ticles of wmch bodies are composed, are forced farther asunder in ^e first 
mstance, and brought nearer together in the second. If, therefore, we can 
. lednce the temperature of any body, however low it may be at the time, the 
body will contract — thereby proving that the particles were not originally in 
contact If we continue to reduce Uie temperature, the bulk will diminish in 
the same proportion ; and hence we conclude, that the particles of bodies are 
naver in contact, and consequently all bodies are, more or less, porous. 

XXIX. Density is a term used to express the relative 

Juantity of particles in a given space ; and Porosity, the 
istances oi those particles from each other. 

What is said of magixetic attraction 1 XXVII. Define chemical attraction. Give 
the illustration. What is the observation on the varieties of matter 7 What is the 
observation on particular properties of bodies'} XXVIII. What are the particular 
mroperties of bodies'? What is the obsenratioa on expansion and contraction 1 
3UUL2L Define density and porosity. 
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XXX. Density is rery different in different bodies. 

Shutraiion, A eiibic indi of laid is 40 tunes header than the samaMk 
of oork ; and qoiduilver 14 timas heavier than an equal balk of water. 

XXXI. The density of bodies depends on two circom* 
stances : 1st. The size or weight of the particles. 2d. On 
the distances of the particles from each other. 

BlvHrtUion. Lead is heavier than the same bulk of iron, and lighter than 
that of gold. Hence, it-is supposed, that the particles are heavier in ^e gold 
and lighter m the iron. 

XXXII. Since the particles of bodies can be brought 
nearer together by cold, and the same is also true of 
pressure, they are never in' actual contact; therefore, all 
bodies are porous. 

ObservoHon, In some cases, the pores are visible to the naked eve ^ and 
in many more, they become so by means of the microscope ; and, in all 
cases, they can be proved to exist by some means. 

Mustraiion 1. When water freezes, the crystalline needles, or plates of 
ica cross each other, and thus form small vacant spaces or pores. 

2. Bone is nothing but a tissue or network of bony matter^ as little solid 
as a heap of packing-boxes. The pores are generally filled with oily matter, 

3. Wood is a congeries of parallel tubes, like bundles of organ-pqpes. 

XXXIII. Hardness is the resistance which bodies 
make to mechanical division. It is generally measured 
by the circumstance, that one body will scratch another. 

Observation. Hardness is not always in proportion to the density. 
lUustration 1. Grold, though soft, is 4 times heavier than diamond, and 
(quicksilver twice as heavv as the hardest steel. 

2. Diamond is the hardest of all known substances, and can be polished 
only by its own dust «■ 

3. Iris remarkable that steel can be made, by heatine and slow cooling, 
as soft as pure iron ; or. by sudden cooling, as hard as glass. This was one 
of the most important mscoveries in the arts ; for it has given to man the art 
of making edged tools, instruments by which he moulds all other substance! 
to suit his wants. Tnus, a sava^ will, for twelve months, with fire and 
sharp stones, fell a tree and form it into a canoe ; and a modem caipenter, 
with his tools, wiU do the same work in a day or two. 

XXXIV. Elasticity is the property of yielding to force, 
and returning to the original state when the force is 
removed. 

MhtstroHon 1. Indian-iubber is one of the best examples of this property— 



What is the illustration of density? XXXL On what does the density 
of boflies depend 1 How is it illustrated 1 XXXH. How is porosity proved 1 What ol>* 
■en^tfio n is made on this subiect 1 What is the first, second and third illustrations 1 
XXKtll . nefine hardness. What is the observation 1 What is tho first illustration 1 
Hie second) The third 1 XXXIV. Define elasticity. Give the first illastntioiu 
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The minenl called iflmclaBfl, or mica. A ball of hrory, dropped upon a pave- 
IDent, will rebound high in the air fix>m it* elasticicy. 

2. A good steel sword, maybe bent till its ends meet; yet when allows^ 
it will return to perfect straightness : while a rod of bad metel will be broken^ 
or permanently bent. 

i Putty, doufh, and paste, and all liquids, are among the inelastic bodies; 
while air, and aU aerial substances, are the most elastic of all bodies with 
which we are acquainted. 

XXXV. Brittleness is a property by which bodies are 
easily broken into fragments, and belongs, generally, to 
hard bodies. 

BhutrcUion. Olass, sulphur, sealing-wax, and rosin, are familiar instances 
of brittle bodies. 

XXXVI. Malleahility is the property of being ham- 
mered, or rolled, into thin leaves or plates. 

Slustration. Thus gold, one of the most malleable substances in nature, 
is hammered into exceedingly thin leaves ; tin, into leaves called tinfoil ; and 
iron, thin plates, called sheet-iron. 

XXXVII. Ductility is the property of being dcawn 
into wire. 

Mustratum, Platinum is the most ductile of all the metals ; silTer, the 
next ; and iron, the third. 

XXXVIII. Tenacity is the force with which the par- 
ticles of bodies cohere, and is generally expressed by the 
term toughness. 

Illustration, Tenacity is generally ascertained by the weight required to 
separate a given-sized wire, or cylinder, of the substance, whatever it be. 
Tnus an iron wire, of one inch in diameter, will support a weight of 26 tun% 
while a similar wire of lead, would support only 5 1-2 tuns. 

XXXIX. Pliability belongs to those bodies which 
allow considerable motion of the particles on each other, 
without breaking. 

JUustratUm, Such are tanned leather, in contradistinction to raw hides; 
UDglazed linen, in contradistinction to glazed ; sized and unsized paper. 

XL. Motion is the continued and successive change of 
place of any body. It is absolutely impossible either to 
produce or to destroy any thing without it ; consequently, 
every thins that happens depends upon motion. By force, 
we mean that which produces motion. 

Give the second and third illustrations. XXXV. Define brittleness. Wliat is the 
illustration 1 XXXVI. Define malleability, and inve the illustration. XXX Vn. 
What is duptilitj, and how is it illustrated 1 XXXVIII. What is tenacity ? How is 
it ascertained 1 Bj what is it illustrated % XXXIX. Define and illustrate pliabiMty. 
XL. What is motionf What is force? ' 



XLI. Motion ia ahtetute and relative. Absolute hum. 
don is where the motion is coneidered without repaid to 
any other body, and can be conceired by supposing an 
unbounded space, and a body moving through it. Relative, 
is where the motion is considered in relation to some other 
body, which is either in motion or at rest. 

XLIf. The general laws of motion, which have been 
deduced irom innumerable experimenu and obserTations, 

1. That every body will continue in its state of rest, 
or of uniform motion in a straight line, until it is com' 
pelted, by some force imvressed, to change its state. 

2. That the change of motion produced in any body, 
is proportioned to the force impressed, and is always 
made according to the direction m which that force acts ; 
and, 

3. That action and reaction are always equal and con- 
trary to each other. Or, the mutual actions of bodies 
upon each other, are equal and in contrary directions, 
and are always to be estimated in the soTne straight line 



E1g.G. 




lOutlralum. The prindple of BCliaD and 

iGtion is illuBlratecl by ft number of no- 

bidls miepended by amsll cords a* in 

._.! woodcut. If now oneof the eiterior 

b^ BB .^ be drawn aparl ^m tfae real, 

MT two incheB, md tfieo be allowed la 

Ul against t, cdc b will remain quiet, 

while a will fly olf two inchee from a, or 

— as bras /was drawn apart from b; 

■— e Ihe impulse or aclwjn of / by 

of the eiasbdly of the ivory bslli 

itied through idcb and reacta 

ibii principle that a iky-rodet 

asoeads ) the iBrge quantity of gauoui 
matter which a conslaiitly farming at 
the lower part by expanding pResea on 
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the air below, and on the rocket aboTe^ by which fbice it is impelled iqp- 
wards. 

ObstrvatUm, The tiiird law shows the utter folly of all attempts at pro- 
cuiing perpetual motion by self-moving machineir ; for, inasmuch as all 
matter at rest reasts motion, a constant renewal of the power is required to 
continue motion. 

XLIII. In estimation of motion, we consider the fol- 
lowing circumstances : — 

1. The force which produces the motion. 

2. The quantity of matter in the moving body. 

3. The velocity and direction of the motion. 

4. The space passed over by the moving body. 
6. The ti7ne employed. 

6* The momentum, or force, with which it strikes 
another body opposed to it. 

XLIV. The momentum or quantity of motion, in a 
moving body, is estimated by the velocity multipliei^ by 
the weight. 

Jlhiatration, 1. If the same force mipel two balls, one of a pound weight 
and the other of two pounds, it follower that since the balls can nether giv» 
force to themselves, nor resist that impressed upon them, they will move 
with the same momentum, but the lighter ball will move with twice the 
velocity of the heavier one, because the resistance is only half as great 

2. If a cannon-ball were fortjr times the wdght of a musket-ball, but the 
musket-ball moved with forty-times the velocity of the cannon-ball, each 
would strike any obstacle with the same force, and overcome the same 
resistance ; for the one would acquire as much force from its velocity as the 
other does from its weight ^ 

3. A very small velocity may be attended with enormous force, if the mass 
moved be proportionably great. A large ship, floating near a pier-wall, may 
approach it with a velocity so small as scarcely to be perceiv^ and yet the 
momentum may be so great as to crush a small boat 

4. A grain of sand, or of shot, flung from the hand, and striking the person, 
win occasion no pain, and may even scarcely be felt, while a block of stone, 
movinff with the same velocity, would occasion deatn. 

6. When two bodies, moving in opposite directions, meet, each body sus- 
tains as great a shock as if being at rest it had been struck by the other 
with the united force of both. Thue^ if two equal balls, moving at the rate 
of ten feet per second, meet, each will be struck with the same force as i^ 
being at rest, the other had moved against it at the rate of twenty feet |>er 
second. It is on this account that, when two persons, walking in opposite 
directions, meet, they sufler a more violent shock than might be expected i 

T ^ 

What is the substance of the observation 1 XLm. Wliat are the circnmstancea 
considered in estimating motion? XLIV. Define momentum, and how it is esti- 
mated. What is the illustration by two balls 1 What is that by a cannon and a mus- 
ke^ball7 What is tlie illustration by the ship? What is the illustration by a snrafn 
of sand or shot 1 What illustration by the meeting of bodieit, wid bow i9 the subject 
further illustrated? 
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liolee the denuMktioil and tmn fiom the meeting of two diipe, iteamboatii 
or rtilrottd-can^ moving in oppoeite directions. 

XLV. The velocity of motion is estimated by the time 
employechin moving over a certain space, or by the space 
passed over in a certain time. The less the time, ana the 
greater the space moved over in that time, the greater is 
the velocity. 

Hhtstraium 1. T\) ascertain tKe degree qfvdoeUi/f the space run over must 
be divided by the time. 

2. To measure the svace run overt the velocity must be multiplied by the 
tinnt ; for it is evident, that if either the velocity or the time be increase^ the 
space run over will likewise be increased. 

3. If the velocity be doubled, then the body will move over twice the ipace 
in the same time ; if the time be twice as great, then the space wiU be 
doubled ; but if the velocity and time be both (toubled, then will the space be 
four times as great 

£!xample 1. If a ship sails at the rate of 12 miles in an houri or aizty 
minutes^ then the velocity is equal to one mile in five minutes. 

2. |f two persons set out together on a journey, and one walks two miles 
and iblnilf and the other walks five miles an hour, the velocity of the latter 
will be double that of the former. 

XLVI. A body acted on by a single force, moves in a 
alzaight line, and in the direction of the force. 

JBhutraHon 1. A ball, floatmg in water, is driven northward, by a wind 
blowinff in that direction. 

2. A body, dropped from a height, falls in a direct hne towards the centre 
of the earth, because the moving force is in that line. 

XLVII. A body, acted on by two forces at the same 
time, and in different directions, as it cannot obey both, it 
takes a middle course between the two. This result is 
called the Composition of Forces. 

Fig. 9. Illustration. Suppose a body a to be acted 

upon by another body in the direction a b^ 
while, at the same time, it is impelled in the 
direction a c, then it will move in the direction 
ad. If the lines a b and a c^ be made in 
proportion to the forces, and the lines c dy and 
a ft, be drawn parallel to them, so as to com- 
plete the parallelogram, then the line which 
the body a will describe, will be in the dias- 

ooal a dy and the length of this line wiU represent the force with whidi' 

tiie body will move. 
Example 1. Th&K are many instances in nature, of motion produced by 

XLV. IIow i<i velocity of motion estimated 7 Give the first illastratioa. Second. 
Third. What is the first example 1 What the second? XLVI. What is said of 
bodies acted on by one force 1 Give the first illustration. Second. XLVIL What is 
nid of bodies acted on by two forces 1 Ulustrate a body acted on by two totce§t in 
diflerent directioiks. 




ii»inMlh|«l lliiiM i AdupdrhxmbrdMwmdndtila 

u alio b • paper kiu^ acted iqxm br th« wind m mw dinetiaa, ni 
ADg Id imHpfT 



1. Thna, a leny-boat, 'm i iiiiwnn 
a rirar from A to K when dura 
is a stroDf cmrent frooi A to 1^ 
would be cBiried in the line A D, 
and land at D j and, in or6a to 
gain the abon dincllv tmooil^ aa 
at B, mnat neceasanly lErect Ihs 
boat np the Btream, aj above the 



XLVIII. A currilinear motion is produced hy con- 
Btantly channiig tlie direction of the moving force * under 
this head is included the law o{ projectiies, 

CgtnWon. Proieclika are bodiea thrown ni the atmoqAae in ■ perpco- 
dicular, obUoua, ot homontal diiectiaa; and the patba the? describe luTe a 
camlinrat bna, called ibeparabata. 




, - 3curTe,dea(^'bedbr 

I bodr ihuB prpiected. "ttte parlideB of the 
liquid mote in ifie line that each would do if 
projected mdj < and the continued aicceanoD 
of them, muu (he line through whkh each 
pawBs betbre it blla. See letien B, C, D, 
m the wood-cut 

2. A cannon, or muaket-ball, shot homon- 
Lallr, over a level plain, will touch the gnmnd, 
01 plain, juBl as soon aa Bnother ball dropped 
directly froin the cannon's mouth; for the 
fbrwani, or projecble ibrce, doee not at all 
mtarfere with the action of gravity. This &ct 
which people, witliout reflating, arediqwaad 
to doubt, prorei, in a atrikmg maoner, the im- 
mense velodty of a cannoD-ball, which will, 

pethapa, mova ax hundred feel before toutJiing dtaingthe half second that a 

ball dn^iped frmn the hand reached the ground, onhr four feet beneath it. 

This fact also ahowa the reason that, «Aea we wish to throw ■ ball to • 

gnat Stance, we should devats the gun. 




ir modoa'r °1 



te pmbolic Um e • 

bcm fired ftoin tbecuuMw BOd the unendiadH bwbf^ 

leetioBnlm dr^tpedftomtlwluq^t, bothreMhiuf ow 



and diituioAlfa _^_ , 

indicidH l^(^4 ^ diitwLceand 
luk nuikhu du point of de«iuM- 




idoat fig. 13, TBOHMnta 
m BUde by ibe Mill. 



4. If the bombaidnisnl had bean conducted tram an eleratdon, initetd of 
iha level mrhce, the balU would bare gone bcTond the dt7 01 BhowDbj'the 
fomiliar feet, thai we can throw a heavy body to a greater distance from an 
■ ' "" "' ■ on a plain or lerel gtonnd. 



(kTBiion,aB(he iteep bank of a . 



W^IL 





It 
, tillDmi ^m 

tn tt vBacBsd qm oc^^nl point 
of dBpwtan^ md iti puotjti 
Imd^ TiprfuniiiMiMd^ it wtwiM 

Qons anNDid no oailk in tho 
tkei 



It is owmf to the enct hohnri of MvitatioB on the one hawL lad the 
pnjeetiie §ane on the other, that the liniTiiiJj bodki m letuMd in their 



XLIX. iicceZerofedmotioD is that mwbich the Telocity 
in continually increasiDg from the cootiDued action of thte 
motiye power. Uniformly accelerated motion, is that in 
which the Telocity increases equally in equal times. 



MhuinUioii L The inemsiif tdocily with which a body ftfle to the 
oerth, is an initanre of aeodvated oaotio^ which ia caaaid hy the oooatant 
aielion of siavttT. 

2. A cannoD-oall ie acted oa by a eini^ inprin of the powder, and the 
a c c el cfaiiii g faice of navity ; it dievefDie deacdbca a cnrvs. Tltie ia the 
iBVDdadoii of the art of cmuMty. 

Ob§ervalum. Were ftOiiig bodiea moired only by one impulse from attrae- 
tioii, the power of gravity not eontiBaing to act on them dnnnr their dsoeoB^ 
ihejr woold &II, from whatever height, widi die same mMs or umibrai 
motioD throiu^ their whole eonrae^ pa«in^ throagh eoiial spaces in equal 
ffanes; bot iamng bocfiee do not mofre in tins manner ; ikey fiul with oceels- 
raied, that is, contmualhhineruLud velodtiea. The truth of this statement 
hi ev inced on watching tne &11 of an ap|Je from a high branch of a tree. Ita 
imn and colour may be seen when it begins to fidl, bat when near the 
gnmnd, the OM>tion hu so much increased that neither form no' colour bat 
•nly the shadowy oatline of the body, can be seeiL 

L. A new impression beinf made upon a falling body, 
al eTery instant, by the contmued action of graTitation, 

^ •f*i«nioti<Mi tdentUlad wlthl XUX. What Is M of accelerated motkwt 
tawtrallon : the aeeond ; and the observation. L. Bow is ffTpfaintiil 
fiseKjrl 



AOdLUULTID MOTiOIC. 



while the former impulse still remains, the velocity must 
contimially increase. 

LI. The velocities of falling bodies, are in proportion 
to the spaces run over and the spaces passed over in 
each instant, increase as the odd numbers 1, 3, 5, 7, 
9, 6cc. 

Fig. I5b BbutratUm 1. The moe desoribed by a body fiil- 

ling from a, fig. 15, in me time ezpressed by a b, with 
a unifonnly accelerated velocity, represented by the 
lines cf e, on which the last d^iree is expressed by 
b Ct will be represented by the area of the triangle 
abc If gravity ceased to act, the space passed over 
in the next portion of time, b fj would be measured 
by bft multiplied into the velocity of 6 e, that is, by 
the rectanele b c g J\ which is eoual to t^ioe the 
triangle, abc But if gravity still acts, then the 
triangle c g h must be added ; of course, the body 
moves over three dmes the space in the second in- 
stant that it did in the first The next portion of 
time it would move over five times the space represented bjr the two rec- 
tangles and triangle ; and in the fourth portion of time, seven times ; and so 
on m arithmetical progTBSsion. 

It follows, that thetfl^« snace described, is as the square of the time; 
that is, in twice the time it will fall through four times the space ; in dirice 
the time^ nine times tiSs spacer dbc 

2. It has been ascertained, that this fidl of bodies is about 16 feet the first 
aeoond of time ; three times 16^ or 48 feet the next second ; five times Ifi, or 
8(^feet, in the diird second : seven times 16, or 112 feet, in the fourth second ; 
and so on, following the oad numbers, 9, 11, 13, 16, 17, &c. It will follow, 
that an apple, felling fi^m the top of a tower or steeple, and reaching the 
ind in 4 seconds, will give the ndght 256 feet ; a method by which such 
hts, as well as fhe depth of deep pits, may be easily measured bv mul- 
lying the time occupied in falling through the whole dkitance by itsca^ and 
' again by 16^ the number of fi^t fidlen through the first second; 




3. /nius, su^ypose the time 



imdtiplyitbyitsell^ thatis 4 



4 seconds^ 




the Bamber of feet passed in a second, and ... 286 

the product, is the number of feet passed through fai 4 sectrnds. 



LL What Is the proportion of velocity faif8lUi«bo(fiss1 Give the first Hhnt i atl on . 
Tlis second* What is the third moatratioiit 



"••It 



4. Anryia,, „ 

oT fMag motion, wmm contriTcd by lb. Attirood It CM- 
MU «f 1 wooden oohEm, DM IcM dan m fert In^ mA a 
rud omAtdiijfBetmdiBditm, ind two woghti watpmiiA 
ma euilr-ninied peSiej%. The i^iditr of tfae faffios 
modoB ■ die IxsTia- cf the mikia ■ Ktndad br A* 
lj((hier wdgbt, wfaila ibe endnl inenue ■ ■enolrb- 
lliKiie«l, ■nil lauj be ■eeo bf thecTeu i( ikaecnda hmv 
Ae rad, wbOe lb« linw 111*7 bo Mtod br ""— ^ to tlw 
baMooTadoek. Annexed b a Snore of ibe matnuiiaiL 

& The gnat addhioiul fafce with tritich ■ blGng body 
Mtflu* the cnnnd, in praportioD to Hit bdgbl i( bit* 61m, 
maf be eaMf ondetatood from theae ilhuiraiiDni. It is on 
tiM principle that ibc madiiBe Sir dnring pDee b cMMrackd, 
a hear)' weight beiog dmwn iq> Iiigfa and let go, when h 
conwe down on the bead of the ^e with great force. Erol 
haiUionea, hdiU and compantrral]' Ugihi ae they naoall^ 
in^ often do nmeh damue from the eame mcreaaeof tioai 
iDOIion and farce in blmg, Tlie acconnt ^en in tke 
Alcoran of die deatmedM of Sodom ia, ilul od each beil- 
•tone rained &om bearen was wiitioi ihe name of ihe 
indiridual it was deatined 10 kiS, and thai it peneliatecl the 
bodf ftom Ibe head to the hcri — ■ HohamniedHn l^end, of 
courae — but not founded, like aome of them, on pbfaical ' 
imjpOMabiliiy. 

d. It ie the lame ptinc^ whieh tendera i( more danger- 
one to lew lh>m a nij^ wait than &pm a low bank ; and 
which nultea a email etone, when njled down ■ hill, often 
productive of aeiioua injury. It ia Ihia also whicb produces 
the tremendou* awBBp (tf an Alpine aralanclus " like ibe swfid 
niehing of one which I witnoaed," eaye Rennie, " in 183% 
at iht eouTM of llie Arreron, in tfae Teller of duunoDni." 
7. On (klline liquids, the prinmile acta in conformily to 
their etightetl coheiion, Ihe lower portions faJliii^; fsBler than Ihe upper, snd 
oonee<]ui>ntly diminishing (he bulk of the stieem in propariiun (0 its swifter 
tlesconl. A illeam of honey, thus let fall from a heigbi, may be obBerYHl to 
taper air towards the lower endi snd a waterfall becomes thinner and 
brosdor as il descends, ae is obvious in euch larger bodies of wsler, as Cora 
Linn on the Clyde, and ihe falls of the Rhine, of tbeCatekill, Ac 

& The same principle is llluslraled on s vast scsle at the falls of Niagara ; 
where the brosd river is seen, first bending over the precipice, a deep alow 
moving msu 1 then, becoiping a thinner and ihmner sheet, se it deKende, 
until at laat, aurrounded by its foam tind mist, it flashes into the deep below, 
■unoit with thi velocity of lightning. 

LII. All motions produced upon a body, by one force 
only, must be made in a right line. Therefore, a body 



""« li the prInRlple of Ainniod's mschlnel Whu Is said of (bs pile 
1*1 WhstofhsflstDnsel Whsl Ulostnliini br lespini walls, roUIni stu 
iheil WliUofMUniUqulds) WhsleriheMsofNlsdnl^ 



drhlaa 



CBMTBIFUGAL POSOm 



mcnruig in a cumlinear direction, must be acted upon by 
two forces at least ; and when one of these ceases to aci^ 
die body will more again in a straight line. 

Bbuiraium. A stone in a slin^ is moved round by the hand, whfle it m 
poUed towards the centre of. the circle which it describes by the string. But 
wImo the string is let looser the stone flies off in a line as straight as if shot 
fifloiAgim. 

LIII. The force required to keep the body in a circular 
moti<Hi, is called the Centripetal, or centre*8eeking force. 
That which tends to move outward, or from the centrCi 
is called the Centrifugal^ or centre-flying force. 

JOauirttHon 1. Thus, a sting-cord is always tight while the stone is 
whorhnj^ by the centrifugal force; and while the cora is strong enough to 
npport the stone, it pulls it towaids the centre, and thus becomes a centri- 
pdaif while the weight of the stone is the centrifugal force. 
^ 2. Ttie motion of mud flying from the rim of a coach-whed, in rapid mo- 
tion, is a striking illustration of centrifugal force, as seen in the aocompan]ring 
wood-cut 

Pig. 17. 




Coodi-wheel throwing off mud; a th^ point at whidi the nmd flies off; 
a b, the strdght line in which it would more but for die central force which 
OMnpds it to follow the parabolic cUrre, a e. . ^ 

3. Bodies laid o|i a table, which is caused to whiri liko a hoiisHmtal wheel, 
mte quickly thrown off by the centrifugal force. 

4. A wet mop, or battle-brush, made to turn ()uickly on its handle as an 
azi% thvows off the water in all directions, and toon tmss xlseifl 

5. ▲ tumbler of water, placed in a sling, may be made to vibfate like m 



WlHit fflaatratioa by a eowh-wheell What hf a tableY What by 
"—" by a tumbler or water 1 

3* 



aw«i.«»^% 



_.. waur^'k 



pw rinhin ii hj gndnillj iacreung the oacillBtiDii, aniil, M Uit, 
m^ be comldeUdy itviaui without ■piUinc ibe wita. 

6. On the (Bine piinr^le, namely, centnKignl Iblcc^ |mt sonw 
Mmmoil WBto-pul, nufMnd it bf > alrm^ and aet ----- ' -^ 
tkaliqpidinllriM^oiitiiegidaa of the pait, giring 
ftoato the wbok Hqnid witttin. 

7. CinllBM an ofbni overtsrned by qmtUy lomtdine co 
bMMii.caniea the body of the vehicle fbnranl in ihe aame line 
while Ae wheeb am Euddenly pulled around by the bones into • iww mm. 
Unia, a loaded stage nuuung south, end anddenly turned to the eas^ fUuHi 
(he paasencen on the south eide of the road. 

B. A balTaf soft ctay, with a apindle foreed diroagh ita centra, if male to 
torn qtuokly, soon cea>ee to be a perfect ball. It bulges out in the raiddla^ 
where the centrifu^ force is, and becomes flattened towards llie eoda, «( 



where Iheaplindlea 






bs fiallened at the polee in the aame proponko ) a maas of Icul (bat wonld 
weigh 1000 pounds at the poles, weighi Sve pounds leee el the equator, in 
aooseijDenoe of the oentrifiigal Ibrce. An apparatua fiir ilhiatra^ng the een- 
tra-dying fbroe consista irf two circuler eleaiic hoou on an axis moved bj 
a crank and wheel When put into rapid motito the hoops are observed ta 
bulge out at die middle, in consequence, of the cattle-flying fbrce. See ao- 
oompanying wood-cut. 

Kg. la 




cthucGonrUD^Ibieeoii ouraiithl Whatit 



CniTRI (XT GBAnTf* 



St: 



fooe and mvitation would be equal, and all bodiea would be deatitnfe of 
wek^t, ana if the centrifugal force were to be still fimher increaaed, all 
ho&» would fly off into q;)aoe) or liBe up and form a ling like that which 
flunounda Saturn. 

11. It is bdieved that Saturn's double ring, was formed by the great oen- 
tiiftigal force of that planet, raising the lisnter materials from its suxfooe^ 
wben they are exactly balanced between the centrifugal force and the at- 
tiMtion of gravitation. 

LrV. The centrifugal force of any body increases with 
its distance from the centre of the circle in which it moves : 
it also increases with the weight of the body in motion. 

MbutroHon. Thus the force of the mud flying from the ooach-wfaed, 
fiff. 17, increased by increasingr the distance from the circumforence of the 
wheel from the centre, or in omer words, by increasing the size of the wheel, 
die force would also be evidently increased^ by increasing the size of the 
gjbbalet of the mud, which are in this case the moving body. 



CENTRE OF GRAVITY. 

LV. The Centre of Gravity of a body, is that point, 
about which all its parts do in any situation exactly bsuance 
each other, so that if a body be suspended or supported by 
the centre of gravity, it will rest in any position. 

Bhutra^nn 1. Thus a rod or beam of wood, being supported by its mid- 
dlo like a wdghine beam, the two sides will exactly balance each other, and 
be •! nat See tfie wood-cut fig. 19. 

Figi 18. 
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Z Instead of a beam^ a wheel may 
be used, and if uniform m its strocture 
and materud, its centre of gravity would 
be ezacUy in the middk^ or in its cen- 
tre of motion. 

3. The centre of gravity in a parallel- 
ogram is at the place of crossing of two 
lines drawn from the opposite comers. 
Thua, in fig. 20^ the linea A C and D B 



M rainark of Saturn and hia ringal IJV What la aaid of ttietacreaae ofc«^- 
teoel and how is UlUiiatrated 1 LV. Define the centre of gravity. I, wm ^ «» 
% What illoatration by a wheell WhatbyapuaUeVocnx^^ 



FSg. 20. 




CniTBB OF GRATITT* 

itandingmwrigfat with respect to a kivel 
plane. ^Ihia is necessary to keep the Une 
of dixection between the feet, as is evident 
from fig. 26. 

6. If a man rise from a chair, he is seen 
first bending forward, so as to bring the cen- 
tre of gravity forward over the feet or base, 
whan be also raises the body; If he attempts 
to rise too soon before the body is sofficisntly 
•dTanced he falls back again. 

LIX. The broader the base, and the nearfer the line of 
direction is to the centre of it, the more firmly does a body 
stand ; and the narrower the base of a body, and the near- 
er the line of direction is to the side of it, the more easily 
it is overthrown. 

Observation. Hence^ a sphere is easily rolled along; and a narrow or 
pointed body is with difficulty made to stuid. 

Bhuiraiion 1. The ease or the difficulty with which any thing may be up- 
set, depends chiefly on the he^t of the centre of gravity above the basie^ 
togethtf with the condition just mentioned with respect to the line of direc- 
tion. This the following illustration will render manifest On a highway, 
level in the middle, but sloping towards the sides, let there be a coach on the 
level and a wagon on each uope at the side, one wason loaded with hay. 
and another with stones, the centres of gravity and lines of direction will 
be as shown in the figures. 

Fig. 27. 




Centre of pressure in carriagee.— ^A, a eoaeh standing on a levd; B, a cart 
loaded witii stones on a slope; C, a wagon loaded with hay on a slope; a, 
a, a, the centres of pressure; a 3, Une of direction ; e (L base. 

Hence it is obvious that the hay- wagon must upset, because the line of di- 
HBCtion fells without the base ; tlmt the coach is very secure because the Ime 
of direction fells in the base; and that the Btone-<»t, thourii the eentre of 
pressure is low down, is not very secure because the fine oi direction fells 
very near the outside of the base. 

What Uliutration by rising from a chair 1 LIX. When do bodies stand firm, and 
when are they easily overtbrown 1 What is said of i^MMtthif 1 Whst results obvioasly 1 
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li the body stands, the body cannot fall : but 
iUiout the base the body will tumble. 

MbutraHon 1. The inclined body a 6 c d^ fig. 23, whose 
centre of graTitv is e, stands firmly, because the line of 
direction e/, falls within the base. But if the hoAjahgh 
be placed upon it, the centre of ffrayity will be raised to ^ 
and then the line of direction I a will fall out of the base ; 

B^ ,. « of courae, the centre of grarity is not supported, and the 

Wftt- h It I whole must falL 

Wi^. jj / [Z . Obtervaiion, This proves the injurious efTect of rising 

n a coach or boat in danger of oversetting, the centre m 

Savity being thereby raised, and the line of direction 
rown out of the base. Whereas^ in such circumstances, 
fce^ - , , the proper course is to lie down m the bottom, so as to 

Z^igthe line of direction, and consequently the centre of gravity, within the 
^^M^ and thereby remove the danger of oversetting. 

i^ Fig. 21 

2. A column, an obelisk, or a steeple might incline 
somewhat from the perpendicular, and yet stand firm. 
From the inspection of the annexed fiifures it will ap- 
pear that the mclination of a column might be greater 
than is represented in the first figure, where the line A 
B £Uls within the base, without endanceiine the sta- 
bility of the body ; but it must be less than mat in the 
second figures, where the corresponding line C D Alls 
without the base. 

3w When a porter carries a load, his ix)8ition must be 

regulated by the centre of gravity of his body and the 

load taken together. If he bare the load on his bacl^ 

the line of direction would pass beyond his heels, and 

he wonld fid! backward. To bring (lie centre of gravity over his feet, he 

■eooidingly leans fiirwanL fig. 2S. 

If a mma euxf a child m her arms, she leans back for a like rea- 

Fig. 25. 






_ ,^ .When a load is carried on the head, tiie bearer stands npiight, that the 

1^ ' js«vity may be over his bet In asoendinff a hill, we appear to 

wdid, and m desoeikling, to lean backward ; but in trotn we are 



ustration. What Dluftratlon bv a tower 1 What llhistratton by a por- 
lliutxatlon by a k>ad on the head, and by ascending a hilL 



8$ ranKiUMik 

BstmflU, SmypoM A to be a ball of 12 pounds, and B a ball of 4 
ponndiL and the length of AGt to be five ibehea; then BC wiQ be fifteen in- 
cheiTnr it wmbe,S:BCn4i U;or4 X12| or 4XBC « 6 X 12 «60^ 
and BC -^60-4- 4 a 16. 

ChmnatUnu If the centre of gravity of three or more bodiea is leqoired, 
It may be found in the aame manner-A^y first finding the centve of gravity, 
of any two, and considering that as the centre of gravity of one oody, <n 
which and the third body the centxe of gravity may be uund the same as 
before ; and so on, for any number of i>ocues. 
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PENDULUMS. 

LXII. A PENDULUM is a heavy body, generally of metal, 
suspended by a wire or cord, so as to swing backward and 
forward, and each swing, or movement in one direction, 
is called a vibration or oscillation. 

CHuenaHon, The principle of the penduliun^ of which the common clock 
pendulum is a fiuniliar instance^ was first noticed by Galileo, by observing 
the hanging chandeliers in the church of Pisa to continue vibrating fin: a 
long time^ uter being disturbed by some accidental cause. Galileo was led 
to investigate the laws of this phenomenon, and out of what had been in one 
shape or another before men's eyes, fit>m the beg[inning of the world, this great 
philosopher produced one of the most valuable mstruments for regulating the 
afiairsof men. 

LXIII. The times of the vibrations of a pendulum, are 

nearly equal whatever be the length of the vibration. 
Fig. 31. 

A SUutrcUion. Thus there will be but little 

difference in the time taken up by the baU B, 

in moving 6rom 5 to 5, 4 to 4, dbc., on each 

side of the line A B, till it stops entirely. It 

is this remarkable property of the pendulum 

that makes it so useful as a measure of time ; 

and clocks, or time-keepers, regulated by a 

pendulum, are nothmg more than trains of 

jT^^ |l H wheel- work kept in motion by weights and so 

^C*^L/? I- \% ?>^ arranged as to register the beats of pendulums 

^^<3bJ- — r^^> ^^ which oscillate seconds. The whole show 

Q how many oscillations or swings of the pen- 

9 dulum have taken place, because at every 

swing a tooth of the last wheel is allowed to pass, and if the wheel has 

azty teeth, as is common in clocks, it wUl turn round once for every sixty 

vibrations. And, if the spindle or axis of this wheel project through this 

dialiilate or &ce of a clock, with a hand fastened on it, this hand will oe the 

secoiid hand of the clock. The other wheels are so connected with the first, 

and the number of teeth so proportioned that the seccmd one turns sixty 

IXn. Describe the pendulum, and its vibration. Give the historj of the oritnn of 
themlnciple % LXUl What is said of the ylbratioDSof pendulums. Give the iDus* 



. ^ 



tniies dower than the first, and this will be the minute hand ; a third wheal 
moving twelyetiniee slower than the last will constitute the hour hand. 

LXIV. The length of the penduliun influences the 
time of its vibration; long ones vibrate slower than short 
ones. 

LXV. A pendulum of a little more than 39 inches, will 
beat seconds : one four times that length, will beat double 
seconds, or, once in two seconds, and, one of one fourth 
the length, will beat half-seconds. 

LXVI. The same pendulum will vibrate more slowly 
on the equator, than at the poles, because the attraction 
of gravitation is less powerful at the equator. 

CoroUory, Therefore^ a pendulum to ^rate seconds, must be shorter at 
the equator than at the poles. 

LXYII. As heat expands, and cold contracts all metals, 
a pendulum rod is longer in warm, than in cold weather ; 
hence, timepieces gain time in winter, and lose in the 
summer. 

FSg. 32. 

J* LXVIII. To counteract the effect of expansion 
and contraction, various contrivances have been 
^ employed^ One of the best, is the gridiron pendu- 
lufjiy so called from its construction; it being com- 
posed of rods of different metals, which expand 
differently under the same changes of tempera- 
ture. 

Illustration. Thus brass dilates twice as much by the same decree 
of heat as steel ; heno^ if the pendulum E B D. oe lengthened in 
summer, by the expansion of the steel bars A ana C, it wul be shorts 
ened just as much by the superior expansive power of the brass bar 
B, so that the whole length of the pendulum, will remain nearly tho 
same throughout the year. 
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LXIV. What is said of the laiifth of pendulamtl LXV. What lengths are r». 
quired to beat seconds, doable seconds, and half seconds? LXVlTWhat effect 
hxvt eooatorial or polar situations 1 What inference 1 LXVII. What effect has 
beat 1 LX VUL How are chaBf es of temperature coimteFacted t Describe the crid* 
iron pendohun. 

4 
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MECHANICAL POWERS. 

LXIX. The Mechanical Powers are certain agents ap- 
plied to engines, or machines founded upon the laws of 
motion, which machines enable men to overcome resist- 
ance in raising weights, moving bodies, &c. 

LXX. The principal movmg powers or agents, are, 
1 animal power, 2 wmd, 3 water, 4 steam, 5 springs and 
weights. 

O&MTTHifioft. ETeno^ uie tenns won-powtTi horse'potDffrf t^ctm-powfr* 
la kr0B dties wlme fuel jb cheap, and where much power u lequind, 
steam is most frequentlv used; where small power is required, dogs 9xe fo^ 
quentlv employed for driying machinery. Thus, in large iron-works, steam 
»enpi07ea wnere there is not a cood water-power ; in the mamAonBS of 
machme and hand-cards, whore iQl the macainerr is light it is ftmsentl jr 
propelled by dogs. In low or lerd countries ¥rinamiUs are fineqoenUy em- 
vlbyed; thus, on ornear the seacoast windmills are frequently used to itiana- 
metme grain into floor) to pulTeriie medirinea; watches are propelled by 
sj^ungjt, and clocks by weights* 

LXXL Three circumstances are to be considered in 
treating of mechanical contrivances : — 

1. The weight to be raised, or the resistance to be 
overcome. 

2. The power by which it is to be raised : uid 

3. The instntments employed. 

ObnrvaHtnu The prrinciples of the mechanical powers are such, that, 
whersrer power is gained something is lost to counterbalance it ; Thua^ if 
power is gained, generally, time, space and velocity are lost. Thu& if I can 
lift a hundred pounds with my hands, I may be able to lift by a lerev one 
llMwsand pounds, but it will take ten times as kmg to lifl it through the same 



LXXII. There are usually reckoned six mechanical 
powers : the lever ; the wheel and axle ; the pulley ; the 
mclined plane ; the wedge ; and the screw. 

THE LEVER. 

LXXIII. The Lever is a bar of iron or wood, sup- 
ported by and moveable on a round centre called 9kfuh 

LXDC. Define mechanical powers. LXX. What are the principal noving powexs t 
WiMt is the observatianl LXXL How manj circomstanees to be considered 1 and 
tihal are they 1 What ia the observation 1 LXXH. Qlve the noraber and nasMS of 
the mechanical powers. LXXOL Describe and iltostrate the lever. 



^crum hviwig the resi$kmc€ at the short anut wbA the 
fou}er at the Icmg arm. 




JBwfyratbm. Let « d be « lerer, leetmgoaafiiknni^r jnip^ then dwA 
lepreeent the weight, e the pofper. 

LXXIY. The mode of action of die lever may be 
f urtlier illustrated by obsenring what takes place when two 
or more boys amuae themaelvet with a see^^saw, or vertical 
swinff. 




JBaufratffon. Here the plank A B fiMrms a lever, of whidi the block C m 
Ike fiilenmi, and in order for the plank to be eqiiip<Hfled, it nraflt ba iMed 
into andi m poation Aat the greater widght of the boy D nearaet the ftil- 
cram, may be eompeneated by the greater distance from that folcmm ef the 
boyE. 

LXXV. There are three kinds of levers, distinguished 
according to the different positions of the fulcrum and the 
moving power with respect to each other. 

LXXVL In the^r^t kind of lever the fulcrum is in the 

middle, the power at one extremity and the weight to be 

raised at the other. 

Fig. 38. 




MkmtraHm, ThB% k fig. 36^ ( if the ftdemm, a the weight, and e the 
power. 



Lgj UY. mofltrate kg mode of aetioa. 
fiUXVL Peeertbe the a wtl ri ud tf terwr. 



LXXV. Deierfbe the ktaide of lerer. 



MO 



THE LETUL 



LXXVII. In a lever of the second kind, the weight is 
in the middle, the fulcrum at one end, and the power at 
the other 



Fig. 96. 




Fig. 37. 



W' 




HbutnUion. Thus, in fig. 38, the wdeht m is in the middle^ the folcram 
m, at one end, and the power 6, at theot&r: the same phncqpie is illustrated 
in fig. 37. 

LXXVIII. In the. third kind of lever, the power is ap- 
plied in the middle, the weight to be raised at one end, 
and the fulcrum at the other. 



Fig. 39. 




JUustroHon, Thus, ;)^ in fis, 38, representsthe pow- 
er^ the fulcrum, ana 10, we weiffht to be raued. 
Observation, Havmg defined the three khnds of 



I leyers. we shall now gire a number of examples 
•^ of eacn, leaving it to the pupil to ~ ' 



Fig. 39. 



kind to whidh they belong. 

Fig. 40. 



re^ them to the 




I 



^ III Mi«-ivi|^.».t-i.»<.ft«..j 



Fig. 41. 

mustraUon 1. Fiff. 39, 40, and 
41, illustrate which kinJ of lever ? 
In scissorsL snufiers, dkc, the pin 
which bolos them together is the 
fiilcrum. 

2. A poker t in the act of stir- 
ring the fire, is a lever, the bar of 
the grate upon which it rests is 
the fulcrum ; the coals, the weu^t 
to be overcome } and the hwBta. is 
the power—to which kind of lever does it bdong7 




LXXVn. Describe the moond. LXXVm. Pescribe the third. Ilfaialiats the <hrs«. 
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8. A long IsTw turaiiig oo a strong iron pin, as shown in the wood-coL 
Bg. 42, is used by artillery-men to raise pieces of ordinance or other great 
weights. Wheelwrights and ooaohmakers emj^oy a lerer of similar con- 
•tnMtioo^ biit having a shorter handle, and a higher fulcrum, and with this 
they raise a carriage on one side, when they wLsh to remoye a whed. Crow- 
bars and handspikes are leyers of a similar kind, as also is the instrument 
called a jemmy, used by t^iieves, in breaking open doors or wvenching <^ 
k>cks or other fiuBtenings. 

Fig. 42. 




4. The common claw-hammer used for drawing nails, is another ilhis- 
tration of the lever^ the part of the hammer resting against the plank is 
the fulcrum^ the nail head between the claws is the restence, and tne hand 
applied at the end of the handle is the power. 

5. A ladder, which is lo be raised by the strength of a man's arms, re- 
piesents a leyer where the fulcrum is at the end which is fijDed against the 
waU, or upon which an other man stands ; the weight may be considered as 
at the top part of the ladder, and the power is the strength applied to the 
rearing of it — which kind of lever is the ladder, in this case 7 

6. The bones of a human arm, and the greater number of the moyeible 
bones of animals are levers of the third kiiuL 

To take the arm, fig. 43, as an mstanoe,— d the 
elbow, is the centre of motion; the power is the 
muscle inserted at e, about one tenth part as far 
below the elbow as the hand is, and a is the weight 
to be raised ; the muscles must accordingly exert 
a power equal to one hundred pounds to raise a 
weight of ten pounds. 

7. A common wheelbarrow is a lever in which the wheel is the fulcrnm, 
the force applied to the handles is the power, and the weight carried is be- 
tween the handles and the wheel ; which kind of leyer is the wheelbarrow 7 

8. The common nut-crackers are another instance of the leyer power by 
which one can break a shell requiring ten times more strength than he can 
exert with the fingers alone. In this case we may consider the nut as the 
resistance which is overcome, and the hinges at one end the fiilcrum, and 
the hand applied at the other, the power; which kind of lever is the nut- 
cracker? 

9. The consideration of this kind of leyer, explains whythe finger caught 
near the hinge of a shutting door w so much injured. The momentum of 
the door, acts by a comparadyely long leyer. 

LXXIX, This consists of a cylinder and a wheel 




What does fig. 42, fllustrate 1 What iUa0tratk>n hj the claw-hsnuner, and what 
Idpd of lever it it) Give the illustration by the ladder. What inuatration by the 
hamanarml What ilhistration by the wheelbarrow 1 What iUustration ia fiven 
by theBQt-enekevBl WhatiUuatrationby a doorl LXXIX. Peacribe the wheel 
•tnlajds. 
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THE WHEEL AND AXLE. 



fastened to it, or of a cylinder with projecting spokes, 

and all moveable around a common axis. 

Shuiration. This will be understood by eyamining the tcoompmpog 
figs. 44| and 45. 

Fig. 44. Fig. 41 





LXXX. The advantage gained is in proportion as the 
circumference of the wheel is greater than that of the axis ; 
or as the diameter of the wheel is greater than the diam- 
eter of the axis. 

BhuiraHon. If the diameter of the wheel, fig. 4^ or thelen^ of the spoke^ 
fig. 45, be four feet, and the diameter of the axis only 8 mches. then the 
power p. of one hundred pounds, or the strenffth of a man applied to the 
spoke of 8f equivalent to a hundred pounds, md balance a weight w, of aix 
hundred pounds. 

In this case as in the lever, the power will travel over six times as much 
space as the weighty when the macnine is put in motion. 

LXXXI. A capstan is a cylinder of wocd, with boles 
in it ; into these, bars are put to turn it round. The bars are 
made to act something like the spokes of a wheel; fig. 46. 

Pig. 46 




ObBervalion. The capstan is chiefly used on board sh^s, for liftinf the 
anchor, and for doin^ any other heavy woik: The common winoi or 
crank, by which a gnndstone is turned, or the key with which a do^ or 
a watch is wound up, is really a wheel and axle. 



LXXX. What is the adrantage galnedl How Olustrated. 
the capstan. What remark on the turn of the capalan 1 



liXXXi. Deeerib* 
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Fig. 47. 



LXXXII. The Wheel and Axle is a 
modification of the lever. 

lUuatraiUnL That sach is the case^ may be 
shown by the accompanying wood-cut, where G^ 
represents a ten-pomid weight, suspended over 
a wheel, by the line D^ held in the hand, which it is 
evident must pull with a force of ten pounds to 
counterbalance the weight. Now E, is the ful- 
crum of the lever A E B, of which A £, and E B, 
are the equal arms requiring equal weights to 
balance them. 



LXXXIII. The Tread-wheel, is a modification of the 
wheel and axle, in which a nimiber of persons continually 
stepping on the circumference of the wheel, makes it re- 
volve by their weight, as represented in the wood-cut below ; 
similar machines are adopted in many feixy-boats moved by 
horses instead of men: these are denominated horse-boats. 

Fig. 4a 





LXXXIV. Sometimes it is desirable in order to gain 
great advantage to use a very large wheel and small axis, 
which would often be inconvenient on account of the room 
required, and in ^uch case the combination of wheels is 
substituted. 

Shutraiion 1. In fig. 49, (p. 44,) three wheels are seen connected. Teeth on 
the axle e, of the first wheel, actinff on mx times the number of teeth in the 
circumference of the second whe^ torn it only once for every six turns of 
the first wheel ; and in the same manner the second wheel, by turning six 
limes, turns the third wheel once ; consequently, if the ]>ropoTtbn betweea 
the wheels and their axes be preserved in all three, the third turns onca the 
■eoond six time& and the fint thirty-six timad^ and as the diameter oi die 
whed 1, to which the poweris applied, is three tones greater than that of the 

LXX Xn. What is the principle of the wheel and ajdel How is it iUnsCraiedt 
LXXXm. What is said of the treadwheell LXXXIV. What is said of the com- 
einetion of wheels 1 



I 



AMD AZUL 



■xla #, wliidi hM die nasUnoe : Time timee thirtf-az or «lrii 
aad mgtktt is the difiweooe of Telocity, and fberafcni of iiil«iiitf| tietw— 
the wSmt 10, and the power p. Hence, one jpoimd at f^ will baknoe ont 
hmidMandf eight at v; hut to raiae the weight «^ tfaroqgfa one inoh tha 
pm tarft muat more throogh one himdnd and eight mchea. 

Fig. 49. 




8. One of the moat frmiliar inataneea of wheel-wori^ b ecdnbited m 
docka and watchee ; a general view of the work of acommon watch, is 
pieeented in the wood-cut helow. 

FigilO 




A ia the halanee-whed bearing palletap p npon ita azia; C ia the crowB- 
wheel, whoae teeth are aufiered to eecape alternately by thoae palleta 
in the manner of the acapement of a dock. On the azia of the crown- 
wheel ia placed a pinion d^ which drivea another crown-whed K. On the 
aida of tnia ia placed the pinion e, which playa in the teeth of the third 
wheel L. The pinion b on the azia of L ia engaged with the wheel M, called 



OWe the iUastradon of fig. 49. Give the OliutnUion of fig. 6a 
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Ihrnem Uf -uhuL The axle of tbii wheel is earned up dirough the centre of 
tile dial A pmion a is placed upon itj which works in the sreat wheel N. 
On thoB wheel the mainspring immedutdy acts. O P, is the main spring 
strmped of its harrel. The ajos of the ^hiA M passing through the centre 
of iDB dul is squared at the end to receive the minute-hana. A second 
pinion Q is placed upon this axle, which drires a wheel T. On the axle of 
this whedl a pinion g is placed, which drives the hour- wheel V. This wheel 
is placed upon a tnhular axis, which encloses vrithin it the axis of the wheel 
M. Tliis tubular axis, passing through thd centre of the dial, carries the 
hour-hand. From what has already been explained of these-wheels^ it 
will be obvious that the wheel M, fig* 60, revolyes once in an hour, causing 
the minute hand to move round the dial once in that time. This whed 
at the same time turns .tiie pinion Q which leads the wheel T. This 
wheel asain turns the pinion a", which leads the hour-wheel V. The leaves 
andteetn of these pinions anawheels are so proportioned, that the wheel V 
revolves once during twelve revolutions of the wheel M. The hour hand, 
therefore, which is-carried by the tubular axle of the wheel V, moves once 
round the dial in 12 hours. 

LXXXV/ Wheels may be connected by bands as well 
as by teeth, this principle is seen in the conunon domes- 
tic spinning-wheel, toming-lathe, grindstones, &c., &c. 
A spinning-wheel, as a c, of thirty inches in circumference^ 
turns by its band a spindle of half an inch 6, sixty times 
for every turn of the wheel. 

F^ SL 
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THE PULLEY, 



LXXXVI. The pulley consists of a wheel called a 
sheeve, fixed in a block, and turning on pivots bv a cord, 
which runs in a groove on Ae circumference of tne wheel. 

Bhutration 1. Fig. 52 (p. 46) represents a pulley in which *the hand is 
en raising a weight, by means of a cord passing over the whed in theblodL 
whidi is here fixisd though often it is moveable. 



seen 
a 



LXXXV. What is said of the fphmlog-wheel t LXXfYh Describe the puDijI 
Qive the Ulustratioii. ^ ^ * 
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Z There ue aome cases where s puUey of the kind n|)fewiitad m if. 
VZf may be need to great advantage inasmuch as the pm or siqpport d ue 
wheel Of bears half of the weight By using the hanos then to pull with a 
tMtss ecnial to half the weight oC the body, a man can simport or mw him- 
self with ffreat ease, as represented in the wood-cut, Fig. o3. 

A man oy a poUey thus employed may let himself down into a deep wdL 
•r from the brow of a ch^ and elerate hhnself again without aid, aM 
mthout danger. Cases hate often occurred wh^ a feUow-ereatuRBS 
afe iniriit have been saved by this simple contrivance^ and many oth^ im- 
*^ 5S> portant alnects gained. For example^ how easT woold it 
be to reach or escape from the elevated windows of a 
house on fire, by such a pidley, which might be Ibnnd 
and used where ladders opuld not be obtained. The cranks^ 
and handles of bell-wires, seen in the corners and walls of our 
parlours, are instances of the fixed pulley, with a short lever 
which is the handle. 

ObBenaHm. The pulley is arranged among the simple ms- 
chanical powers; but when several are connected, the ma- 
chine is called a system of vuUeys^ or a compound ptdUy 

The most extensive application of the pulley, is in builoinft 
tha.ngging of ships, ana on ship-board, for lading and unla- 
ding, musting anchors, masti« sails, &c. Thev were also used 
fbrmeiiy by surgeons, for redodnsf dislocated joints, bat im- 
proved philosophy can dispense wim this apparatus. 

LXXXVII. Pulleys are eithei Jixed or moveable, 

ObservtUion. The fixed pulley gives no mechanical advantage^ but is used 
only to change the direction of a power. By it a man may raise a weight to 
any height, without moviog firom the place m which he is, as a stone to the 
top of a buildings otherwise he must ascend with the weight. 

IiXXXVIII. The moveable pulley represented hy $b, 
fig. 54, is fixed to the weight, and rises and falls witn it, 
and the advantage gained by it is as 2 to 1. 

Illustration 1. The reason of this is evident; ibrin raising the weis4it one 
inch, foot, or yard, both sides of the rope must be shortened as mu^ that 

IVteC to the obserraHon on tntfleyi 1 IXXXVtL How many Unds and iKfbVt Oiek 
oaea 1 LXXXVm. What is said of the moveable poUeya? Oive the two ffloaCFatloasI 




TBI woumm wtAwt^' 







i%d»luuB4ikQia4^niov«tliiwu^tiR0 hriM%gMl^fl>yiiJi| which ihov% 
tm hthn, tnit the ipaoe tfanmin which iht powvr nu ' ' 



in proportioii to the advantage gained 
FSg. 64. Fig. 66. 



movca, mntt alwiyt bv 




2. When th» v99mJUc§d blocks, k, fig. 66, con- 

taina <i0o pulleys wttoh only turn on their vom, 

and tha wmm mofaahto dIocIl x contain alao 

two^ w h ia h torn and iia» with the weight 10^ the 

advmtafB gained ia aa/mr «» ana. For eaeh pal- 

JK ley inthe tower blodL will be acted upon by an 

e^pal part of the weight, and ainee in each |«Iky 

^ tnal movea with the weight a doable increaae « 

^*^ power ia gained, therefore the advantage gained ia 

t^ajifur to otu, 

LXXXIX. In general the advantage gained by jmlleyv 
is found by multiplying the number of moveable puBeys 
by 2. 

Bbutrmiitm. A weu[ht « of 72 Iba. may be balanced bv fenflr mei f e abis 
poUeya by a power cTmnm pounds becanae^ 72 divided by 8 givea 9; >i|t in 
thia eaae the power, when pot in motioo, will paaa over 8 tunea aa nrach 
ap— e aa the weii^t, that ia, to raiae the wdght one foot, the hand mmt 
move thion^ 8 iMt* 

FS8.6i. 



XC. Where there is but one pope 
running through the whole, a better 
metli^ifl to multiply the power/), by 
the number of folds m the rope which 
supports the weight w, 

HhutraHon. In Fig.M diereaiAbnr foldaef the 
rope, and a power of lOQ Iba. atp^ would mpport a 
weight of 400 Ibe. at w. Am the upper bloc^ or wheel 
.«H, .. . '•-^^"-^" and not 

the laat 

Oft animating 

the power< 





THI INCLIllKir PLAMB. 

XCI. The inclined plane is merely a plane surface m- 



IXZXOL How {« the advantage of pnBeya found 1 How Uhntratedl XO. WM 
b the aecond mode of eattrnatfaig the Mifaiitafo Mined In {Mlleyal BowiiHCnaaAt 
XCI. De«»ibe the inclined pine, aa* give tkel&Mimtton. 
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clined to the horizon^ and is used to move weights, itaoi 
one level to another. See fig. 57. 



Fig. 67. 






IHnihi^iSL 



In fig; S7, the plane is indined, or deBceode in the directkm d 
a, and the ball e if left to it 



Bkutraiion. 

._ itsel/ would roll down by the action of gravity, and 
the steeper the descent or the greater the inclination, with the gneater force 
and rapidity it moves downward and the greater power is required to loD 
it up. 

The inclined plane is often made by placmg boards, or earthy in a sloping 
direction, and is of creat importance in rolling up heavy bodies, as cariLn^ 
wheelbarrows, dtc., bMvily loaded. 

XCII. The force with which a body descends upon an 
inclined plane, is to the force with which it would descend 
perpendicularly, as the height of the plane is to its height. 

Fig. Sa Fig. 69. nkutraiion 1. If the plane a b, fig. 58, be 

paraM to the horizon, the cylind^ c will rest 
on any part of it wherever it is laid. Bat if 
the plane be placed perpendicularlv as a 6. tia, 
69, the cylinder wil( descend wit^ its' whole 
weight, and would require a power equal to 
its weieht, to keep it from descending. Or 
if the plane be inclined to the horizon as a d^ 
fig. 67, and tkret times the length of the per- 
pendicular h dyihe cylinder e will be support- 
ed by a power equal to a third part of its 
Ffg.60. weight. 

2. If the plane c d, fig. 60, be twice 
as long as its height e<i,<Hie pound 
at II, acting over the pulley, would 
balance two pounds any where 
between e and d ; If the plane c d^ 
were three times the length of d «^ 
then one pound at p, would bal- 

Q^ ance 3 pounds any where on the 
r ^lane c d, and so of all other quali- 
ties and proportions. 

3. A horse drawing on a road where there is a rise of one foot in twenty 
is really lifting one-twentieth part of the whole load besides overooming 
the fiiction and other resistance of ^e carriage ; hence, the importance ^ 
making roads as level as possible^ and hence the errors of the earlier engi- 
neers and survevors, in construetinff turnpikes, and roads directly over hiUa 
fat the sake or straightness consiaered vertically, whereas by going round 
the base of the hills, they would scarcely have oone a neater distance and 
would have avoided all rising and fidling. See the wood-cut, fig. 61. 

XCL What Is the method of eittimatinc the force of descent 1 give the flntlttaatm- 
tkml Give the second iUustnttkml Wnsti 





reibaark of galng round hffls. 



TBB UfCUKED fLANB. 

Na L 




No. 2. 




In ihb aboTB fSc. 61, Na 1, represents a vertical section of a road pasoii^ 
orer a UU. and No. Z a hoiizontal section of a road passing round tne loot 
of the hiu; both go tne Mhie distance, but one ascends and the otiber avoids 
thehUl. 

4. An intelligent driver in ascending a steep hill, on fvhieh there is a broad 
road, winds from side to side of the road, to render the ascent less tteep, and 
thus ^ivours his horses. 

5. The railwa3r8 of modem times are fine illustrations of this sobjeet 
They are made perfectly level, when practicable, so that tho drawing hoiM^ 
or steam-engine has only to overeome the friction of tho eaniage or loco- 
motive ; where heavy loads are passing only in on^ direcli|nf as in moving 
coaL ore, &c, from mines, tlie rails ure made to slope a veifKttie leaving to 
the norse or other power, only the office of regulaung the movement; such 
is the case at the Lehigh coaf-mines, in Pennsylvania ; theva is a railroad, 
oA an incUiied plane, 8 miles in length, and descending at the rate of 100 feet 
a millt Down this railway, the cars previously loaded with coal, at tho 
mines, are carried by their own gravity, at the astonishing rapidity of a mile 
in three mimites. 

6. A hogshead of merchandise, which 20 men could not lift directly, is 
often moved into or out of a wagon bv one or two men, by an inchned 
plane^ constructed by means of a plaiik, one end of which rests on the 
wagon, and the other on the grotuad. 

7. In some canals, as on the Morris canal in New Jersey, the loaded 
canal-boats instead of being raised by means of a lock, are carried up an in- 
clined plane, by water power. 



What flthwtratioii concemiBg eottch-drfvers 1 What remark on the raihfayB of fhs 
moderns 1 What resnrk r«ipe«tteg liogslMMla of tnerebsndiMi What Is said ar 
canalsl 
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8. It is supposed that the ancients, and especially the Egyptians nnist 
have used the inclined plane, to assist in elevating and placing those inf 
mense masses of stone, which still remain from their times, as the wonder 
of aft succeeding ages. 

9. Our common stairs, are inclined planes in principle ; but bein£ %Xei&^ 
•re cut into horizontal and peipendicular surfaces, in order to afibnf a firm 
footing. 

THE W£DG^£« 

XCIIL The Wedgk may be considered as two equally 
inclined planes united at their bases. The advantage gain- 
ed is in proportion as the length of the two sides of the 
wedffe is greater than the back, or as the length of one 
side 18 greater than half the back« 

Ulustraium 1. The wedge is used for a eteat variety of pur- 
poses, but fDore especially for splitting blocks of wood or stone, 
and for squeezing strongly as in the oil-press ; for raising great 
weightB, as when a ship of war is raised by driving wedges 
under the keeL 

2. An engineer in London, having built a very lofty and heavy 
chimney, found after a tim^ that it was beginning to settle on 
one side, but by driving wedges under the same sid^e at length 
restored it to perpendicularity. 

3. Nails, awls, needles, &.C., are examples of the wedge, as 
wdl as ||rtiinginstnmienis, such as knives, razors, axes, chisels ; 
some 01 these are often used in the manner of a saw, which 
acts as a series of small wedges. The sharpest razor may 
be pressed directly aeainst the hand with considerable force, 
with perfect safety ; out the slightest drawing movement will 
cause the instrument to bury itself in the flesh. 

^ THE SCREW. 

XCI'V. The screw is a cylinder, with a spiral prota* 
berance coiled round it, called a thread, which will b6 
readily understood by inspecting the wood-cut below* 

Pig. 64. 




Wh at inoatratkm concerning the ancients 1 And what of oar comnum stain 1 
XCQL Describe the wedge, and give the first illustration 1 What illustration ccm- 
'-**l(t8nchinmeys1 Give the substance of the third illustration 1 XCaV. He- 
I the screw. 
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XC V. The form of the screw may also be represented 
by cutting a slip of paper in the form of an inclined plane, 
and winding it round a cylinder of wood, as a coittBion 
lead pencil, it will form a spiral protuberance like ihid 
thread of a common screw. 




MhutraHon. See the wood-cut, fig. 64. % 

ObwervtUunu^ The screw is considered as a modification of the inclined 
plane, and is used with a lever or winch to assist in turning it ; and then it 
becomee a compound engine of great force, cither in pressing bodiejs closer 
together, or in raising great weights. In fact, a screw is simply an inclined 
plane coiled found a cylinder, and the nut or perforated body which moves 
up or down a screw, moves up or down an inclined pl^9|B in a circular 
instead of a rectilinear direction. 

XCVI. The advantage gained by this kind of mechani- 
cal power, is in proportion as. the circumference of the 
circle made by the lever or handle of the screw is greater 
than the distance between the threads of the screw. 

IlhutrcUion I. See the accompanying wood-cut fig. 65. If the distance 
of the spiral threads from each other be half an inch, and the handle of the 
screw tnat is the lever projects 36 inches, then the circle described by the 
lever will be about 22S inches, or 456 half inches, consequently a force of 
one pound at the end of the lever will balance a resistance of 456 pounds; 
hence, the longer the handle, and the nearer the threads of the screw are to 
each other, the greater the power gained by the screw. 



XCV. Inwiiat other way can the principle of the screw be ezptafaiedl XCVL 
Wliat is tlM estimation of the advantace gahied by.the screwt Give the BbyCralisa. 




2. Screws are much u>ed in preases of atl kinds; u in (hose used m 
pteeaoe oil and juices from vuioua vegetable eubatunces, as bnaeed, rape- 
•Md, wmonds, apples, gripes, augar-cBiie, caetor-beans, &c. They are 
■laoiiaedin packing caIton,b7 which means a large and spongy bale, a few 
oC which would Slla ship, is, reduced to a compact mass heavy enough lt> 
tilik in water, and in the common printing-press, they force the paper 
Kionriy egninai the type. 

3. A screw is the great agent in our mints for coming money, in letter- 
copying machines— It is the anew which brings together the iron jaws ot a 
Knitli'» vice 1 and although the tiiction oX the screw is very considerable it 
it still a very useful power. 

4. A common corkscrew is the tbfsad <rf ■ serew without (he ipndle, 
and is used, not to connect opposing forces, but merely to peQe(rBle and fix 
ita^ in the cotk. 

XCVII. A pfrpetual or endless screw is the name 
fpren to screws acting on the teeth of a wheel, so as to 
produce a continued motion. See the woodcut, fig. 66. 
Fig. ea. 




ObunaiUin. A little reflection, on ihs preceding oipluution of ths na- 



GENERAL REMARKS. St 

tore and properties of the mechanical powers, will suffidently prove that, in a 
strict phuoa(4)hical point of view, the real ana original mechanical powers are 
not nKN« than two in number ; being all referable to the lever and inclined 
plane ; so that all the others are only species of these two ; the wheel and axle^ 
and thu pulley being species of the lever ; and the wedge with the screw being 
species of inclined plane. And likewise, the various philosophical writers do 
not agree with respect to the number of the simple mechanical powers i 
some reckoning two, others five, and some have enumerated seven, dbc. It 
is, however, immaterial whether those pov^ers are considered all i)rimitive 
and distinct from each other, or not; for the theory always remains true 
andthesame. 



GENERAL REMARKS. 

XCVIII. The real advantages of all tha mechanical 
powers may be summed up as follows : — 

One man's effort or any small power, which is always 
at command, by working proportionably longer can per- 
form the work of many men acting at once, whom it 
might be expensive, inconvenient, or impossible, to bring 
together, at any one time. 

XCIX. A ship's crew of a few individuals, easily 
weighs a heavy anchor, by means of the capstan. 

. C. A solitary workman by means of a screw or en- 
gine, can press a sheet of paper, againA the type so as 
to take off a clear impression ; to do which without the 
press, the direct push of fifty men would scarcely be suf- 
ficient ; and besides these fifty men would be idle and 
superfluous, except just at the instant of pressing, which 
occurs only at considerable intervals ; hence the screw is 
said to do the work of fifty men, for it is as useful. 

CI. A single man with a crowbar, (as a lever,) can 
move a great log of wood, which it would have required 
twenty men to accomplish without such meuis; and, 
though the one man takes twenty minules to do the work 
that twenty men would have done in one minute and as 
the twenty misht not be needed again in the course of 
the day, theretore one man with his crowbar, has done 
the work of twenty men. 
' I , . ■ II. I, 

XCVni. What are the advantages of the meehaaleal nowers 1 XCDL What h 
nod of ship's crew 7 C. What of me printiDg-meM 1 OL iHn the IRostratioii of d 

6* 



FRICTION. 



CII. In all machines it is an important circumstance 
"to consider the resistance arising from the friction aniipng 
the parts of the machine. r.,>; . 



WuatraUon 1. In the steam-engine where the rubbing parts are : 
the loss of power from friction often amounts to one third of the wfaola^ 
which allowance is generally made in estimating the power of a machine. 

2. If it were not for the niction encountered, men walking on the ground 
or pavement would always be as if walking on ice ; and over rivers, that 
now flow calmly, would l>e frightful torrents; hence the friction upon the 
gravelly bottom and banks of a river greatly retard the rapidity of the 
current 

cm. The following are the meaits used to overcome 
or diminish the friction of rubbing surfaces. 

JUuatration 1. By making the rubbing surfaces smooth. 

2L By interposing some lubricating substances between the rubbingparts ; 
•8 oils for the metSs, soap, grease^ olacklead, dbc, for the woods. Tbere is 
an amusine illustration of this subject, in the holyday sport of soaping'a live* 
ly pifif s tai|^ and then offering him as the j)rize of the one who can catch him 
and hold him fast bv his slippery appendix. 

3. A third roethoa consisis in the use of wheels as in carriages, instead of 
dragging a load along on the ground ; castors on household furniture are 
oaed for the same purpose. 

4. Large blocks of atone and even houses, are often moved to a very oon- 
aderable distance by placing them on rounded cylinders or logs of wood, 
testing on a hard pavement, or on timbers. 

5. Of all rubbing surfaces, the joints of animals conndering the strength, 
frequency, and rapidity of their movements, have the least mction ; we in- 
deed smay and admire the perfection found in these without being able to 
auooeed in closely imitating them. 



HYDROSTATICS. 

CIV. Hydrostatics is a term used to explain the 
laws of the denser fluids such as water, oils, quicksil* 
▼er, &c. 

CV. The word*fluids, is a yery general term applied to 
air, water, caloric, &c. Fluids have hitherto been divided 
into elastic^ as air, and non^elastic as water, but the terms 

en What is said of friction ? Give the illustration t What {a said of the effects of 

«j**^'M> in walking, and of friction in running water f Cni. What is the first means 

-ning frfction? What is the second 1 What is the third means used In 

t Mcrion? What is the Ibiirthi and what is the filthl CIV. Dttne 

Mt CV. Define the term Ihudl 



Bertform bodies for the first, and UjuidM for the secondt 
are more appropriate. 

CVI. Liquids form a class of bodies intermediate in 
properties between those of aeriform bodies and of solids. 

JUHaCroA'ofi. The chief difltinctioti between eolide, liquids^ and gaeeotti 
bapgt 18, that in the first, the particles have greater cohesion than in th« 
■eflMd) and the third are destitute of this property. There is no necessary 
difieranoe in kind between the particles of solids, liquids, and gases ; thus 
ioe^ wat^, and steam, are composed of the same lund of particles, but in ice 
they are fixed in water they easily roll upon each other, and in steam they 
tend to fly on into space. 

C VII. Liquids were for a long time considered as in- 
compressible bodies, but recent experiments have shown 
that the fact is not so. 

JRlustraHon. An experiment was made by an association of scientific e[en- 
tlemen at Florence, 1661, which was relied on as conclusive evidence oi the 
incompressibility of water ; they subjected water to a very ^reat pressure in 
a globe of gold, until the liquid oozed through the pores of the metal as if it 
had been leather ; but other experimenta by Mr. Canton, in 1761, and more 
recently by our countryman IVir. P^liins now in Enfflana, and the celebrated 
Professor Oersted, of Copenha^^en, have proved that 12 cubic inches of 
water, under a pressure of 30,000 pounds to the sonare inch, which is equal 
to 960,000 pounds on the whole, reduced the 12 cubic inches to 11 ; benoe it 
ia aaid that by the pressure of 30,000 pounds to the square inch water is 
dUmoiaished in bulk one twelfth. 

CVIII. Liquids are subject to the same laws of grav- 
ity with solids ; but their want of cohesion occasions some 
peculiarities. The parts of a solid are so connected as 
to form a whole, and their weight is concentrated in a 
single point, called the centre of gravity : but the atoms 
of a liquid gravitate independently of each other. 

CIX. Liquids press not only like solids, perpendicular-f 
ly downward ; but also upwaid, sidewise, and in every 
direction. 

Experimeni 1. Take a glass tnbe, opeo at hoifh. ends, pat a ocnkhione end, 
and immerse the other in water. The fluid will not jrisefinrin the tube ; but 
die moment the coA ie taken out, it will rise to a leirel with the murrounding 
water ; whidi proves flie press u re upward. 

2. Take a very narrow ulass tube, open at both endsi and dqi the lower 
€actremity beneath tlw snnace of quicknlver, ao that a anudl portion of it 

CVL Define the applleatkn of the term Mqnid. What to the fflaBtrationl CVH. 
Wha t is 8^ of compressibility of ItqaidsY Give tlie iUastration of this sabieet. 
€JTtiL What is the aifference between ttie pressure of solkit and Uqoids 1 VSK, 
yVhat is their law of pressure ? Give experiaientfi 1, 2 aad a 



nuT™* into the bottom of ths tabe; theo itopping lb* tip»r «.. 
cinAiUy with the Sniper, lift the tube, aad holdinf it verlicallf, plunge too 
o|vn end into ■ deep jsr filled with water, when it will be found that tbe 
ptBHure of ibat liquiil fnan bdow upwud will Dot only keep the cpiiduilTet 
BiipeDdci|, when the finaet ia removed from the top of the lube, but on let- 
ting it nnk ^dufdl V in the jar, the qiiickailver will rise to a heiahl beuiiw ■ 
cmaiD relation to the draith of the lower end of the tube beneath the aucmo* 
oftbawalec 

Rg. 6T. 



3. Lei a e^Ymlar braaa plate A B, fig. 6T, be wtspled to the bottom of m 
ijaaa cyttnder and fitted accnralel]' by grinding, or b; ootering ila opper 
■uriBce with moist leather, »o that when ibe cylinder ia immersed in the jar 
of wslerFF, and the plats ia held by the string E cloee to the bottom of the 
cylinder, none of the liquid can enter it If then it be immeraed to such a 
depth that ibe weight of ibe verliCBl tmlumn of water which it dispjacea 

(hall be equal to the weight of the braaa plate, the Utter will r 

— j_j .1. — L ., 1-..-^.. ,.. ._ -■- - up^jjjpfgggma of the 1 



'ater being 



i weight oi 
id dioasli the Btring be let go, the upwi 
ient to keep the plate from falling. 
ex. A liquid kept in an open vessel, will assume a 
surface parallel to toe horizon whatever be the form of the 
vessel, and will remain at rest. 
Fig. 6a 




ox. WM la «ld Bt»M Inatal 



■ iHuki 



BVMtMTATiai. 

ttatHof Bgiu*. let A B k, 

■ jiMMi BMBtfK mt tuB lou rtiwd citnoinet, and tU«d wilh w ^ 

■bova (be bohioDlal fioet thennwiaM four diSstenll]' Bhtped tukwa CJD _ 
P, open •( bioth eoAa, to b« ioHmd io the obloiig part of ttw veaKl, with 
theii UWCT eitrHniaeg not naina eo high ■* ^ose >l4ndiiia ai tlie sidsa i tl 
wii be found Ihsl the Lqiitd will pau taterilly iaio the tube C, ascend dt- 
nctly in D, and cireuitoual]' ill E, whUe ii both deeceiida and anccndB in F, 
liKDgeqoallT in *U the lulies, and apouling out till the water ie reduced ia 
the ad* bJMi to Ihs level of the ■umniile of the intenuJ ones, whan the 
eqmlibriniD bang eatabliahMl the liquid wUl remain at reel. Thue il followa 

.1.-. 1 — ,f columns of a liquid, freely ■— ■- — —'--■ 

netere and " 







figure! will alwaya have the same 

^NMil upward through a pipe 

_ uiifice inacrted into Ihe botlom 

leep veaael; it will rise nearly lo Ihe 

of the upper aurbce of the water ui (he 

. The remsUnce of (he air, and of the 

biting drops, prevents il from rising perfectly 

IO (he level. 

Let A represent a dB(em filled with water, 
a( (he Gonatant heighl B C, then In fom ben( 
plpea D E F O, be inserted at different dis- 
tances bdon the sur&ce, the jets wilt all rise 
to nearly (fas same level, that of the line B C. 

CXI. In constructing canals, railroads, &c., it is oi 
greal importance to ascertain the true horizontal level. 
~ t. This is generally done by an instniment called the ipirit- 
IB of a glsBa tube a c, fig. TO, hermetically aesJed and [Beviously 
,^__ ^ 1, .i. ....^jig j_ T^iwilhe tube 




nMorrAitca. 



1. A twop nnmmding the eutfa wooM botd titmj from ■ peribcttv 
nraight Una eight inchea in i mile. In cutting ■ lerel cansl, therefore which 
mar H conmiend ■■ ■ part of ■ hoop, tbers mutt be 



fiom tb« imighi Una i). .. . 
tba rotnnditr of the eaith. 
T%Menbelaw. 



enerj where a falling 
ed, in consequeiicB of 



tn fig. TX, a A, repreMnU i UclioQ of the saitace of the eailh, 2,000 
milee in extent, iind c rf, a hotiaodtal, or level eectioo of the Bime eitant, in 
which the eilremilleB of Ihe lines c df and a A, are nearly thrse Ihouaand 
ten apart, from the rauailcd nrfaes of the earth. 

CXII. It is on the principle of the water-IeTcl that the 
syphon acts, in discharging liquids from higher to lower 
levels. 

Bbulnlian. The syphon consists of a tub« bent In the form of the letter 
IT, but, with one of ital^s longer than the other, and ig usod in diacharging 
llquldB from Tessels that are not mOTed with convenience. 
Fig. 73. 

""o use the syphon, while the enda of the inetnimeitl are 

rard, fill it with the liquid, and cover each eitremity with ■ 

._- Gngers, and in this state plunge the shorter lea into the 

' vessel as represented in Pis. 73, and as soon as the teg ia 

plunged below the surface o7 the liquid in the vessd, the fin- 

I eers may be removed, and the liquid will flow out of the 

I fonaer leg of the avphon, so loug as it remains lower than 

heliori7,ontal level of the fluid within the veasel. 

Obienaiioii. The syphon can never carry the liquid mora 
than 32 or 33 feel higher than the level of the fountain 
whence it springs, because the preasurs of the atmosphere 
'-'ill not sustain a higher column r this will be explained un- 
uer die department of pneumatica. 

CXIII. The Wirtemberg Syphon, shown in the follow- 
ing figure, when once filled with liquid, will remain so, 
and hence may be hung up in that state ready for use. 



the additional pressure of the Gquid in the vessel at A'; thus it wiU ap 
that this syphon acts somewhal dif^rently from those of the oommon 
■trucuon, though it is applicable to dmilar purposes. 

ayphonl Siie ih< muatnilmi ud IidwIiIbid bg UHd What ts tlie observ 
aasvphanst CXni. Descritietbe Wenemberfsypboii. 






tU Ik? 



CXIV. There are springs situated often in the sides, 
or base of mountaina, whicli nin for a time, and then cease 
and after an interval, flow again and stop as before. 
These are denominated intermitting springs, and produce 
theii effect on the principle of the siphon. 

Kg-TB. - 




Ehittraiien. Fig. 7E 'm intended lo rtfnaeDt ■ hill, or m 

bg «n iaierinilting Bpring, ■cting the part of ■ Biphon. .^ 

K^reaenl ■ finurv or DoUow place in tlie racli, filled lo Ibe line a d with w 



The leitHi a b 



, , in the fbnn of ■ aiphoo, while it i> aapplied with 
water ihrough the fiewires a / & t A* goon sa the reservoir a 6 ii filled 
bj ihe fisBurea a / & e, u high a> to the line a i^ the alieain will begio to 



I 

flow out at ;h and will continue till tlM l«pfiiin the tminmr is reduced nearlf 
as low as 6, when the av will supply the place of the water, and the stream at 
p will cease^ until the reservoir be again filled as high as the linea<i| when it 
will commence running as before. That )iart of the hollow above the line 
adfia constanily filled with air. 

The hollow, above the line a d; is lRf)po8fed not to be filled with the water 
at aU, since the syphon begins to act whenever the fluids rises up to the 
beiidd 

Observation. The sjrphon may be ikiade available for the purpose of con- 
ve]ring water over the side of a pond or reservoir into another, provided the 
latter is on the same or a lower level than the former. It was tnus very in- 
ireniouslv applied by a French engineer, M. Garipuy, in 1776, to discharge 
the surplus auantitv of water firbm the canal of Languedoc, when it had 
been raised above tne proper level by the infiux of water at the mouth of the 
river Garonne during a storm. 

CXV. The fluid-level is seen on a vast scale in the 
discharge of the waters of mighty rivers^ from a higher 
te a lower level. 

ObtsrvatUm. A very slijriit dedivity suffices to give the running motion 
to water. Three inches <» fall in a mile in a smooth and regular cha&tiel 
causes a velocity of about three miles an hour, the Ganges which receivaa hk 
waters firom the Himalaya mountains^ the highest in the world, is, at eighteen 
hundred miles from its mouth, only eight hundred feet above the level of the 
ocean ; and to fall this comparatively small distance, it requires, in its Ions 
and winding course, more than a month. Rivers and all running: waters tend 
to reduce the height of the land, and by filling up the ocean gradually to raise 
its level. The Ganges alone, it is estimated, transports firom the mountains 
annually to the ocean a bulk of earth v matter sixty times greater than the 
great pyramid of Egypt, which is 600 feet high, and covers 11 acres of 
ground. 

- CXVI. The pressure of the same fluid is in proportion 
to the perpendicular height, and is exerted in every di- 
rection ; thej^efore, at the same depth, all the partd or par- 
ticles of the fluid press against each other with equal 
force in every direction. 

ExpeHmtnl 1. If a bladder fiill of air be immersed in water^ then the per- 
pendicular pressure is manifest, for the deq^er the bladder is immersed, the 
more will its bulk be oontracteo. 

2. An empty bottle being corked, and by means of a weight, let down a 
certain deptn into the sea, will be broken, or the cork will be driven into it 
by the jperpendiciilar pressure. Bat aJt>ottle filed with water, wine^ ^b6., may 
be let down to any depth, without damage, because in this case tbs inte^ 
aal pressure is equal to the external. 

— - - - - :~^ ,^ 

VHiat observation on the usefUl appli^atioa of syphons 1 CXV. What remurk 
of ihxid-leTel on fanrfe scale 1 What i« the observation Uluatrattve of this prineifde 1 
CXVL Wtiat relation is observable between the height of a fluid and the perpen* 
dicolar preiaarel What staupfe fliasirilloils maar be ghren of Ibis prtaciplal 



It [iiilliillfc of 31 ftet below Iha saifhee of the lea. a direr 

„ , ilculated to be prefleed with & weight equal to about 2R0U0 Bvoir- 

dupois poiiada ) jet a< that preeaareis diitributed all over bia body.jind the 
huniAo body coouua moady of non-elaatic Soida or of Eolida, he doee not 
bel any reoiHrkable inconvenience from such k prea8ur& 

CXVII. The pressure of any hquid is in proportion to 
its perpendicular height and the width of its base 
Fig. 76. Pig 77 



the veaael aft, fig. 76, the 
B quantity irf the whole 





r^ attd the tnbe b 

yet by fiUini 

, . . _.._ ,_. oozing through the 

porea of the wood a.nd finally buraiing it. 

Thajume apperniUB would tlao illuatrste the upward pm- 
BUie oT fluida, by making a email aperture st the top uf the 
eaek, through which the water would be forced to a conaid- 
enble bcighl—BCcDrdin^ to theory, it would riae as hieh aa it 
extenda in the tube, but m praflice the reaistBDCe of the air, 
and the fiying dropa prevent it from rising so high. 

In practice it has been ascertained that if the tube belwaD- 
ty feel long, and the internal diameter a half an inch, the wa- 
ter tbiougii an aperture in the caak would be tomed a little 
more than oghleen &el high. On this piinciple arcifictal 
fbuntaiae are fiequently conetrucled, the long tube 6, termin- 
atea at top ia a large reservoir, and at the bottom it oClen 
ruaa along under ground, until it spproachea the ipot, and 
then aacrada and temunalea in a annall mto'lure throusb 
whkb the water apoula bj the presauie of the colunui in the 



What dacrMailMtun doe* a immihi aoitiin at the depth of ihlrtv-lwo tn 
low the tarftdRnH lul CICVU Whet la tb* preiaiire of a doM In a lei 
IHuMcale U br the IfS. Tfi, and 77. Qive the aiperlmeut wHh ■ vinedwk, 
r~j we lUuatnie upward prtamel How do IhearT and pncdca dl&i here 1 



(S BYDBOSTATIOS. ' * 

ObterBalianl.Ueatxait.jbealaaiMUdtiitpreaaiev^oa,waiOtennugtil 
Kwired for, danu, cisienu, pipn Ac 

2. The prcuurc of fluid* dimn from llieir jnurUjr or vtight ia thiai 
tfae wti^f IB according la iha quantiiy, but the praiutt a icconling lo ilia 

CXVIII. The hydrostatical paradox is this : that any 
quantity of fluid, however Bmall, may be made to counter- 
poise any quantity, however targe. 

' Exptrimtnl. If lo ihe wide veawl a b, fig. 79, b tube e d, be attached, and 
WBla be pouted into ^tber of them, it will stand at the Bame height h 
or course, the Bmall quantity in c d, balances the Iprge quantity in « A 
^ii is only a paradox in terms, because the acuoD o( the fluid ia i 

■"' "''"' Hg. 79. 



airalh. 
b. But 
iadownwaid 



CXIX. The same principle of upward pressure is 
bIso shown in a stiiking manner by the hydrostatic bet- 
lows. 

Flg-ao. 




1. This inBtmmenl cnnaii 
ich water ia poured and A 
ita Kde near to the bolloi . 
BiTong boards connected togel 



water-tight leather. _. 

and have an area one thouaani 
top of the bellows it will bainn 



?hBt fluid ™m 
bind he may to 



Bmall long 

body of iha 

The body oon- 

iher by strong 



CXX. The power of the pressure of a column of 
water was applied by Biahma, in the construction of his 
hydraulic press. 

WhU obsemtlnn IbDoinl Cxvm. Defloe tbe hjdrostiillc p(ni]oii. ClUX. Da. 
t 111* hrdniitBilo baUow*. CXX. Descrlb* Bnhma'a pres*. 



Illuttratum 1. Thii machina conmt* of ■ lolid mass of masonry OT 
wrong wuod-work, B F, firmly fixed i tnd connecled by uprigtta with a 
CTOBS^jeBtii. B. repreBenta a aitong taolt moving venically in grooves be- 
tween [he uprigfiii, and suppurled benealh by the piston A, which rises or 
ilcscendii within ihe hulluw cylioder L, and passes through a collar N, Gf 
tins BO closely as to be walcr'tigbt. From (be cyhnder panEea ■ unall tubs, 
willi a valve opening inward at 1, and D ia n lever which works thk-pialon 
Ot the small forcing-puinp C H, by which water is drawn from Ibe leKtvoit 
G, and driven into the cylinder L, so aa Id forcfl up iu piston A. At K i« ■' 
valve, which bcin^ relieved from preaakue, by turning the screw which oon* '' 
fines II, a passage la opened for the water lo (low Irom the cybnder, Ibrou^ 
allowing the piston lo descend. 




2. He amount of preMUfe capable of bong made is eetjmaied by the ra- 
Utive size uf Ihe two pistons A and H. 

If the small pialan, is half an inch in diameter, and the large piston OIM 
fool in diameter, Ilien the pressure on Ihe lalter will be ET6 limes gnjater ^liut 
&al on ihe tbrmer. Theiefore, if we suppose the pressure uf Ihe small [»■■ 
ton (o be one tun, thahrse piston will be forced up against any reliance, 
with a pressure equal to the weight of 576 tuns. It would be easy for a ain- 
bIb man to give the pressure of a tun on the small piston by means of the 
, and therefore a man, with this engine, would be able to exert a force 
' iveight of near 600 Iu - 



uai to 



if a presaurs of Lwo luns be given lo a pislon. the diameter of which is only 
* quarter of an inch, (he force tranamided to ihe other pislon, if three feel in 
diameter, would be upwards of 40,000 tuna; but such a force ia much loo 
great for the screnelh of any malerial with which we are acquainled. 

A amall quantity of water, eilending to a great elevation would give the 
preGaure above described, it being only for the sake of convenience, that the 
Ibicing-pump is employed, instead of a cahunn of walei. 



SPECIFIC GRATITT. 

CXXI. By the ipf.cific gravities of bodies, is meant 
Bow Is tu power sHiontsdl CXXL Define spaeUc fravllj. 
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the relative weights which equal bulks of different bodies 
have in regard to each other. 

lUuatration 1. Thus a cubic foot of cork is not of equal weight with a 
cubic foot of water, or marbl^ or lead : but the water is four times heavier 
than the cork, the marble 11 tmies, and the lead 45 times ; or, in other words, 
a cubic foot of lead would weigh as much as 45 of cork, dbc., &.C. 

2. If we fill completely a tumbler with water, and then drop in it a pebble 
or any other heavy body that will sink, it is quite evident that a quantity of 
water will run out equal in bulk to that of the body immersed. 

Fig. 82. 

3. Hence where a body sinks in water, it dis- 
places or pushes away a^ quantity of the liquid 
equal to its own bulk, which liquid must have 
pressed against the solid to buoy it up, and thus 
caused the body to weigh less when inmiersed in 
water, than in air. 

ExpeHmerU. If any body r, a mass of gold 
for instance, be suspended by a hair from the 
bottom of one scale of a weighing beam, as seen 
in figure 82, and be balanced by weights put 
into me opposite scale, and a tumbler of water 
be then lifted under the solid body x. so as to 
immerse it in the liquid, it will be pusned up, or 
supported by the water, with a force equal to the 
weight of tne water which it displaces ; and in 
order to bring the beam horizontal, a weight 
precisely eqti^ to that of the wat^ displaced 
must be added to the opposite scale. 
IUu8tration 4. Suppose the ^old weighed 19 grains in the air, and when 
immersed in water, it required 1 grain in the opposite scale to balance it, or 
it lost 1 grain, by being weighed ~in water— now if we ascertain how many 
times the 1 gram, the weight lost by weighing the gold in water, may be 
had in 19 grains, the weight of the gold in air, ifie answer wdl be the 
n>ecific gravity of gold, 
^^^-Thus, . . . 1)19 

19. the specific n'avity of gold. 
The instrument represented in fig. 82 is called the HydnostatiA: Balance. 

CXXII. In taking specific gravities of bodies, we make 
use of some one as a standard by which we compare all 
others. Pure water is the standard for solids and li- 
quids, and common air, the standard for all aerial bodies. 

Jttustration 1. When we say therefore, that gold has the specific gnmij 
of 19, copper 10, and cork 1-4, we mean these substances are just so mucn 
heavier or lighter, than the standard by which they are compared. 

2. In all cases of solids heavier than water— the specific gravity is ascer- 




What is the first illustration 1 What illustration by the tumbler 1 What results 
from the above illustration 1 What experiment to illustrate the subject Give the 
foarth illustration. CXXH. What is said of the standard of ispecific gravis 1 lUns* 
Crate by gold, copper, and cork. 
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tamed by dividing the weight of the body in air, by that lost from wdghing 
it in water. 

Example. A guinea weighs 129 grains in air ; by being weighed in wator 
it loses 7 1-4 grains, which shows, that a auantity of water of equal bulk 
with the guinea, weighs 7 1-4 grams ,* diviae 129 by 7 1-4, or 7.25, and the 
^otient wUl be 17.793, which proves a guinea to be 17.793 times heavier than 
iis bulk of water. 

Corollary I. We hence easily deduce the methods of obtaining the specific 
gravities of all bodies, taking rain water as a standard, a cubic foot of which 
D^ns uniformly found to w^gh 1000 avoidupois ounces. 

Tne weight which a body loses in a fluid, is to its whole weight as the 
specific gravity of the fluid is to that of the body. If a guinea weigh in air 129 
grains, and on being immersed in water lose 7 1-4 of its weight, the proportion 
will be 7 1-4 : 129 : : 1000 to the specific gravity of asfuinea. By this method, 
the specific gravities of all bodies that smk in water may be found, aiid ex- 
pressed in a table. 

. 2. Hence, if different bodies be weighed in the same fluid, their specific 
gravities will be as their whole weights directly, and as the weights lost in- 
versely. 

If a body to be examined consist of small fragments, they may be put into 
a small backer and weighed ; and th^n if from the weight of the bucket and 
body in the fluid, we subtract the weicht of the bucket in the fluid, there re- 
mains the weight of the body in the miid. 

3. If the soud be lighter than water, then instead of removing part of the 
weights from the opposite scale (as in CXXI. Exper.) we add a heavy 
body to the solid x, suspended .(See fig. 82). until it sinks, and note the weight 
which both together lose by immersion : this will be the weight of a bulk 
of water, equal to that of the two solids; now detach the lighter solid and 
ascertain the weight lost from the heavier by immersion; this will be the 
weight of a bulk of water equal to the heavier body ; subtract this loss from 
that sustained by the immersion of both taken together, the remainder will 
be the weight of a bulk of water equal to that of the lighter solid. The pro- 
portion of the weight of the lighter solid to this remainder will determine its 
specific gravity. 

4. The specific gravity of other liquids is obtained in various ways, but one 
of the best is to make use of a vial or flask, that holds KKX) grains of 
water, filled to a certain line marked on its neck, and this is to be done when 
the Uquid is at a certain temperature, namely, 629 x)f Fahrenheit's ther- 
mometer; the sj^ecific gravity of any other liquid is found by filling the 
flask with it as before, and reducing it to the same temperature which mav 
be done by placing in a vessel of water recently drawn from the well, which 
is generally of a right temperature ; now weigh the whole, and the difference 
between this weight and tnat of the water, will be its specific gravit]^. 

Example. Suppose it is pure sulphuric acid that we wish to examine and 
we find tnat the measure of acid weighs 1840 grains ; had it been 200(), the 
specific gravity would have been 2, or twice that of water, but it is now ez- 
prei*sed, 1.840. 

The same measure of alcohol, would weigh about 800 grains, and hence 
the specific gravity being less than that of water, which is taken as unity, 
and expressed thus : 1.000 would be represented by 0.800 which is equal to 
800 parts in a thousand, BO parts in a 100, or 8 parts in ten. 

How is the specific gravity ascertained in bodies hsavier than water 1 Give 
the examples 1 How in bodies lighter than water 1 How do we take the specific 
gravity of liquids? Give the examples. 
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CXXIII. Many liquids, differing in specific graTitr* 
may be mixed by agitation so as to form a corapoundf ; 
but if the lighter liquid be poured gently on the surface 
of the heavier, they will for a long time remain distinct, 
but little action taking place, even where the surfaces 
meet. Every body knows that water may be mixed with 
port wine or spirits, both whicli are lighter than that liquid, 
as may be shown by the following experiments : — 

Fig. 83. 

lUuatraHon. Suppose A B to represent a double-bodied 
AHli 11^ ,||U vessel the only communication between the upper and 
' lower portions of which is through the tubes C ana D ; then 
if the part B be filled with water to the neck, and A with 
port wine, so as to rise above the tube D, still no mixture 
or alteration in the state of the liquids will take place, for the 
lightest occup3ring the highest situation will retain it undis- 
turbed. But if the lower part be filled with port wine, and 
b|i| ' |o "'Qlthe upper with water, 'the former fluid will ascend through 

I ! J the tube D, and the latter descend through the tube C, till 

they have entirely changed places. A vessel of this con- 
struction, having the upper part transparent, and the lower part opaque^ 
would form an amusing philosophical toy, by means of which mi^t oe ex- 
hibited an apparent conversion of water mto wine. An analogous ejqseri- 
ment may be made by taking a small bottle, with a long narrow neck, not 
more than the sixth of an inch in diameter, which is to be filled with roirit 
of wine, tinged red, by infusing in it raspings of sanders wood, or yellow, 
by putting into it a small quantity of saffron ; the bottle thus filled with the 
coloured spirit is then to be placed at the bottom of a deep glass jar of water, 
when the spirit will be seen to ascend like a red or yellow thread through 
the water, till the whole has reached the surface. 

CXXIV. Bodies, differing in specific gravity, and in- 
capable of combination, may be shaken together in a 
vial, and mixed for a time, but will separate completely 
on being allowed to remain at rest. Sucn is the effect ex- 
hibited m the following mimic representation of the pro- 
duction of the four elements from chaos : — 

JUustreUion. A glass tube, about an inch in diameter, closed at one ^^tm I, 
or a deep vial, being nearly filled with eaual parts in bulk of coarsely pow- 
dereA glass, oil of tartar, proof spirit, ana naphtha, or spirit of turpentine, tlw 
former spirit tinged blue, and the latter red,* the tube or vial nniBt be 

* The blue teint may be communicated to the proof spirit by addinfr a uauXi por- 
tion of tincture of litinua ; and the other spirit may be coloured with dragonli 
blood. 

CXXm. What happens when two liquids Incapable of combination are shaken to- 
getlierl CXXIV. Describe the appantus kaown by the name of the foorels- 
meats. 



te e mtA widi • eoA ; and when it a bmUf thikaii du fcor imignmiT d»> 
maaU wiU form ■ confuwd duU-looking mua, but on aeltiag ihe fUi ap- 
nght, and BuHerisB it lo nmain aadislmtad for nme tiBci, *n entire npu»- 
lion will lake plitce between tbe sereral portiane of ihs ^aotic nuxtnn i ttw 
powdered glass at the bottom repreaenbog earth i the oil of tartu, llo*ti|ig 
above it, waler ; the epiiit, with its cerulaan teint, occupying the place of au 
and the glowing naphtha al the top deaigned ea an embl^ of eieouDlaiy 

CXXV. When two liquids, varying in specific gray- 
tty, are included in a bent tube, as represented in the an- 
nexed figure, lliey will not stand at the same height ob 
both sides of the tube, like a single liquid ; but their re- 
spective heights will be in the inverse ratio of their specific 
gravities. 

lUatiToiion. "ntna, aa an; mven bulk of mercury weighs 

one ioch of mflreiigh.K. would equipoise nboul fourteeu in- 
ches of water, W,W die oppoaiie side of the bent tabs. 
Neither the form nor the dimensiona of the lube are of an^ 
importance to the teaolt of thia eiperinient ; for as in olhn' 
cases of hydioalntic preaaure, a aniiall quantity of water 
may be made to eounlerbalance the larger qaantity of the 
boavier fluid mercury, provided the' column o( water stands 
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CXXVI. The hydrometer is an instrument for taking 
the specific 'gravity of different liquids, and produces its 
effects by the depth to which it sinks. 

ObnrvaUan, The sppsraiua and processes already gireii toi ascertaining 
'-—^' ■~ — adapted to give reaults of extreme accuracy, whidl tit 



Pitfall Tequirea leas lime and Icvs skill in tju t^eration ; auch an inatrtunent U 

met with in the hydrometer. 

MhulnUum I. Thia inatrument, aa repreaented on page S8, eonsisia 
tt a hoHowglasabBll U, with a amalier ball of metal C, appended to it, and 
whkh ftom Its Buporior weigh!, aervea lo keep the instrument in a vertical 
paction, to whatever depth it may be immersed in a liquid. From the large 
Ml rises a cylindrical atem A D. OQ which are matiied dlviskuis of 
•qnal pans; and (be depth to which the atem will sink in water, or any 
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Other liquid fixed on as the standard of specific gravity being known, the 
depth to which it sinks in a Uquid whose specific gravity is required will 
indicate, by the scale^ how. much greater or less it is than that of the 
standard hquid. 

Fig. 86. 




2. Hydrometers are used by dealers m winee, epirits, acids, and all com- 
mercial liauids, for ascertaining their comparative strens^tli, and with the' 
tables and directions accompanying them are easily used by the most un- 
skilful hand. 

3. It is a well-ascertained fact that water attains the utmost degree of den- 
Rtyjust before it freezes, its bulk being relatively less at 40 deg. of Fahren- 
heit or 8 deg. above the freezing point, than at any point eiuicr higher or 
lower in the scale. 

The difference of the weight of a cubic inch of distilled water at 40 deg. and 
at 60 deg. is somewhat less than half a grain troy, whence it may be made 
to appear from calculation that a cubic foot of pure water, at its great den- 
sity, weighs almost exactly 1,000 ounces avoirdupois, or 62 1-2 pounds, li, 
therefore, the specific gravity of water be representee! by the number 1,000, 
each of the numbers m the foUowinff table will express the corresponding 
weights of a cubic foot of the several bodies included in it. Thus a cubic foot 
of pure gold would weigh 19,258 ounces avoirdupois, and an equal bulk of 
cork but 240 ounces. 

t 

4. Specific GravUics qf various SolUist lAoniids^ and Oasesy as compared 

with Water at 60 Deg. 



Platina, laminated 

purified 
Grola, cast, 

hammered 

standard, 22 carats 



22,069 Mercury, fluid 
19,500 solid 
19,258 1.ead, cast 



19,361 
17,486 



Silver, cast .. 
hammered 



13,668 
13,610 
11,352 
104T4 
10,510 



By whom are hydrometers used 1 At what temperature is water at (he greatest 
density t What is the weight of a cubic foot of water at its greatest density ? What 
would be the weight in ounces of a cubic foot of platinum 1 Would a block of silrar 
irink or swim in a bath of merctuy 1 why 1 
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Kmirath, east 
Copper, cast 
Brass, cast 

wife 
Nickel, cast 
Iron, cast 

malleable 
Steel, soft 

tempered 
Thi, cast 
Zinc, cast 
Sulphate of Barytes, orPon 

derous Spar 
Oriental Ruby 
Brazilian Ruoy 
Bohemian Garnet 
Oriental Topaz 
Brazilian Topaz . 
Diamond 

Natural Magnet . 
Fluor Spar 
Parian Marble, white 
Carrara Marble, white 
Rock Crystal 
Flint 
Sulphate of Lime, or Selenite 



9622 

6788 
8395 
6544 
7607 
7207 
7788 
7833 
7616 
7291 
7190 

4430 

4263 
3531 
4188 
4010 
3536 
3521 
4800 

3iai 

283T 
2716 
2653 
2594 
2322 



Sulphate of Soda, or Glauber Salt 2200 
Chloride of Sodium, or Com 

mon Salt 
Phosphorus 

Nitrate of Potash, or Saltpetre 
Sulphur, native . 
Plumbago, or Black Lead 
Coal . 

Sulphuric Add, or oil of Vitriol 
Nitric Acid 

highly concentrated 
Muriatic Acid, liquid, or Spirit > 

of Salt I 



2130 

1770 
2000 
2033 
1880 
1270 
1840 
1271 
1583 

1194 



Sea-Water 


1030 


Ice . . 


930 


Alcohol . t 


797 


Proof Spirit 


923 


Sulphuric Ether . 


734 


Naphtha 


706 


Linseed Oil 


940 


OUve Oil 


915 


Oil of Turpentine 


870 


Anise-seed . 


986 


Lavender 


894 


Cloves 


1036 


Camphor 


988 


Yellow Amber 


1078 


White Sugar 


1606 


Honey 


1460 


White Wax 


968 


Caoutchouc, or Gum Elastic 


933 


Ivory 


1917 


Isinglass 


1111 


Mil^ cow's 


1032 


Butter 


942 


Mahogany 
Lignum Vit© 


1063 
1333 


Dutch Box 


1328 


Ebony 


1177 


Heart of Oak, 60 years fello 


d 1170 


White Fir 


669 


WiUow 


565 


Sassafras Wood . 


462 


Poplar 


383 


Cork 


240 


Chlorine^formerly calledOzy 
muriatic Qns. 


" ; 3.02 


Carbonic Acid, or fixed air 


1j64 


Oxygen Gas 


L34 


Azotic, or Nitrogen Gas 


0.98 


Hydrogen Gas 


0.08 


Atmospheric Air . 


L21 



5. If the specific gravity of water be represented by 1 instead of 1000, then 
tiiat of platina will be 22.069, the last three figures being taken as decimals i 
the specific gravity of standard gold vnll be 17.486, that of sea-water 1.030. 
that of olive oil 0.915 ; and so on throughout the table, the three right hana 
fieures representing decimal parts, except those denoting the specific gravities 
of the gases, the numbers of which must be thus altered to indicate the 
Ittions of their specific gravities to that of water: — 



Would a piece of steel sink or swim in melted eopBer 1 What would be the eflfeet 
•f droiH^niK a bar of lead into a pot of melted tin 1 How many times more matter in 
« cubic foot of mltpetre than in a lilce bulk of water ? Which would sink most rapid* 
Ijr in water, a piece of flint, or one of native sulphur 1 When alcohol and linseed all 
are put into tne same vessel, which will occupy the higher parti Determine the 
SBiiKS with regard to w^er and honey— oil of terpentine and cow's milk— proof spirit 
•Bd naphtlia— sulphuric ether and oil of lavender. When the specific gravity of water 
Is taken as unity, what must we consider the last three figures of each number im 
Oie tablet 
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Water 




1. 


Chlorine . 




0.00302 


Cfarbonic Add . 




0.00164 


Oxygen Gas . 




0.00134 


Nitrogen Gas . 




0.00098 


Atmospheric Air . 




0.00121 


Hydjogen Q&a 




0.00008 



6. From the foregoing table it will appear that almost all bodies will float 
on the surface of mercury ; gold and platina, and their alloys, being the 
oply substances known of higher specific gravity than that metalUc fluid, 
except one or two recently discovered metals of rare occurrence.* Many 
bodies will float on the surfaces of metal while in fusion : and thus earthy 
and other substances found in metalUc ores rise in the state of scoriae to the 
surface of the melted metal in the process of reduction. The lava dischar- 
ged from volcanoes is a very dense fluid, partly metallic ; and hence stones of 
vast bulk and weight are frequently seen swnnming on its surface while it 
remains in the liquid state. 

7. Most kinds of wood will float on water, and but few, as fir, willow, and 
poplar, on rectified spirit. The solution of a solid in any liquid increases its 
density: thus sea-water is heavier, bulk for bulk, titan pure vt^ater; and an 
egg which will sink in the latter will swim in brine. Hence it sometimes 
happens that a heavy laden vessel, after having sailed in safety across the 
salt sea, sinks on entering the mouth of a river; owing to the inferior specific 
gravity of the fresh water. 



ART OF SWIMMING, ETC. 

The following remarks on the art of swimming &c., are fi'om the excel- 
lent work of Professor Johnson, entitled the Scientific Classbook^ which is 
80 concise and yet so complete that the author has inserted it entire as wcdl 
as the above table of specific gravities : — 

1. The specific ^vity of the human body during life is in most cases 
nearly the same with that of river-water, and coincides more exactly with 
that of sea-water ; so that there are probably but few persons who wonld 
not float very near the surface of the sea in calm weather. Corpulent peo- 
ple are, bulk for bulk, lighter than those of sparer habits ; for the adipose 
mraibrane or fat, of animals is inferior in specific gravity to water; while 
lean flesh unless the blood and other juices are drained from it, is of higher 
specific gravity than that fluid, and bone is proportionally much heavier man 
the soft parts o^ the body.- Hence it might he inferred that rhe power of 
floating on water does not depend entirely" on the relative specific gravity of 

* — ■ — p- 

* Iridimn, a peculiar metalUc substance discovered by Mr. Sniithson Tennant. In 
combination with crude plantinum, has the specific gravity of 18.6 ; and Tungsten u a 
rare and difficultly fusible metal, the specific gravity of which is stated to be 17.2. 

■■ ■ ■ ■ — — • 

Which of the gaseous bodies has the greatest specific gravity 1 How many and 
which of them are specifically heavier than atmospneric air 1 Which is the uirhieit 
of caseous substances 1 Why do the impurities of metallic ores rise, when melted 
to the surface of the massi What is tho nature of lava elected from volcanoes Y 
What effect on the specific gravity of any liquid is produced by dii^solving in it a per* 
tlon of any solid 1 To what maritime occurrence Is this fact applicable 1 What Is 
the relative specific gravity of the human body compared with iresh and with salt 
water respectively 1 Will a fat or a lean person float ,with the greater facility in 
faterl * 
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tbe solids and liquids which enter into the composition of a human bodyi 
and accordingly we find that the body of a person destroyed by drowning, 
or thrown into water immediately after death, will sink far beneath the sur- 
face; but after several da^s have elapsed, a body thus treated usually rises to 
the level of the water, in consequence of its having become specifically 
lighter than that fluid, from the accumulation of gas within the body, pro- 
duced by incipient putrefaction. It is then chiefiy owing to the air included 
in the cavities of the bod v during life, especially that portion contained in the 
lungs, that a man is enabled to float on the surface of a pond or river. 

2. There are, however, some credible accounts extant of persons whose 
bodies were so nmch inferior in specific gravity to water, tnat they could 
not descend beneath its surface; not possessing that "alacrity m sink- 
ing," which may be literally attributed to most individuals. In 1767, there 
was a priest residing at Naples, named Paulo Moccia, whose extraordinary 
facility of flotation attracted much public attention. This ecclesiastic could 
swim on the sea like a duck ; when he assumed a perpendicular position, 
the water stood on a level with the pit of his stomach ; and it is stated Uiat 
when dragged under the water by one or more persons who had dived for 
that purpose, as soon as he was released, his body would rapidly rise to the 
surface. It appears that the weight of this gentleman's body was thirty 
pounds less than that of an equal bulk of water. This peculiarity of con- 
formation doubtless depended partly on his being extremely fat, and havjng 
very small bones ; besides which, probably his lungs were capable of holding 
a larger quantity of air than is usual, and there might also have been an ac- 
cumulation of air in the abdomen, arising firom the disease called tympany, 
or from some other cause. 

3. Most very corpulent people^ who are at the same time strong and 
nealthy, woulu perhaps find on trial that their bodies would float on water ; 
ana those who do not happen to be endowed with a superabundance of fat 
might stiti in almost all cases, with a little application, acquire the habit of 
floating with facility. The capability of breathing freely and at regular in- 
tervals is essentially requisite to enable a person to support himself on the 
surface of waier. The head, and the upper and lower extremities are rel- 
atively heavier than the trunk of the human body ; and the head espe- 
cially, from the quantity of bone of which it is composed, is the heaviest 
part of the whole mass, yet i^nless the face at least be Kept above water the 
respiration cannot be continued. It is therefore of the nighest importance^ 
that all persons should be perfectly aware of the precautions necessary fcf*' 
this purpose ; so that any one accidentally falling into the water, and being un- 
able to swim, may be instructed how to escape a watery grave. 

4. A person suddenly immersed in water, if not absolutely deprived of self* 
possession by friglit, should, on comins: to the surface after the first plunse^ 
endeavour to turn on the back, carefully keeping the hands down, with'the 
pMnlms extended towards the bottom of the water, the less being suflRered to 
■nk rather lower than the trunk ; the only parts above the surface will then 
be the face and a small portion of the chest : at each inspiration more of the 
head and chest will rise above the water, and perhaps those parts will at 
font be for a moment covered with the aqueous nuid at the interval of expi- 

What will cenerally occur when a human body is thiown into water 1 Why 
does the body of a drowned person rise to the surface after beinff some days 
In the water? What extraordinary instance of specific lifrhlness in the naman body 
is recorded 1 On what circumstances did it prohably depend 1 What operatkm is it 
necessary to perform while attempting to float on the surface 1 What measorM 
■boold be adopted when one is suddenly inunersed in water 1 
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ntkm of the air. Every thmf depends on making no efibrt to raise or keep 
out of water any part except me face, and endeaTOuring to keep the fam^ 
and consequently the cheat as mnch enanded as possible, without umg 
any irregular exertions in breathing; ana it may be proper to cantion per- 
sons thus circumstanced against struggling or screaming, as worse than nse- 
less ; for in case any one who might yield asostance should be within call, 
It would be best to wait till the firat alarm had subsided, and then the inroU 
nntary bather, conscious of comparative security, might use his voioe with 
due enect, ana without increasing the hazard of nis situation. 

5. But an acqiiaintance with the art of swimming can alone give a ne^ 
son perfect confidence of safety wb^ by accident immersed in wato*. it ii 
to be lamented that this is not a more general accomplishment ; for it is one 
which must frequently prove of great utility ; and it is much to be desired 
that it should become a oranch of education at school for boys, as being of 
higher importance than the more £uhionable arts of dancing, fencing or 
even gymnastics. 

6. It may be qtiestioned whether written instructions alone would enabLa 
any one to acquire a facility ui swimming ; and admitting their utility, it 
would be inconsistent with tne purpose of this work to anbrd them more 
than a cursory notice. In swimming, as in floating, the chief object of 
attention must lie to keep the £eice above water, while tne limbs are immers- 
ed : but from the diflerent position required, it must be apparent that in 
swimming, not the face alone, but nearly the whole head must be sustained 
above the surface. In making a first attempt, the advice of Dr. Franklin 
may be followed, where he directs the learner to walk into water till he 
reaches a place where it stands as high as his breast, and dropping into the 
clear stream an egff ; as soon as it has reached the bottom he is to lean for- 
ward, resting on the water, and endeavour to take up the eggt when he will 
become senmble of the upward pressure or resistance of the^uid ; and find- 
ing that it is not so easy to smk as might have been previously supposed, 
the young adventurer would acquire confidence in his own efforts, the valu- 
able result of experience. 

7. Corks or blown bladders fitted by strings passing imder the arms and 
across the chest, will afford material assistance in supporting the upper nart 
of the body in a proper position ; but they perhaps rather tend to retard than 
facilitate tne progress of the learner, by leading nim to form a fidse estimate 
of the resistance of the water ; so that as soon as he makes an experiment 
without the corks he finds himself obliged to recommence his task, and study 
it on a different plan which might as well have been adopted at first I^ 
however, corks or bladders should be used, it is highly necessary that they 
should be secured from slipping down to the hips, and thus causing the 
swimmer to fall with the head vertically downward, and incur the moat 
imminent risk of drowning. 

8. As less exertion would be required in the position of floating than in 
that of swimming, there would perhaps be some advantage in acquiring the 
power of flotation, as above describeo, previously to attempting to swrim. 
This having been effected, the learner roi^ht, instead of the common expedi- 
ent of uaing corks, procure a two-inch pine plank, ten or twelve feet long» 

'cing it in the water, lay hold of it with one or both hands and push it 

portance oiifrht to be attached to the art of swimming 1 What Is the firat 

*n the acquisition of ttiat art 7 llow may the learner be made senrible of 

; power of the water 1 What objection exists to the use of cork jackets 

' sxpedicnta to increase the buoyancy of Uie bodv when learmng to 

aat uae may be made of the swimminf -board while Iwumtng the art 1 
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before him while leamiii|r to strike with his leas. But this or any other 
artificial mode of practice that may be adopted, should be laid aside as 
speedily as possible, as the learner cannot too soon make himself acquainted 
with the full effect of the pressure of the fluid in which he is movingj and 
with his own strength and power of action ; and till such knowledge is at- 
tained he will make but slow progress in the art of swimming. 

9. The method of communicating buoyancy to solids of greater specific 
gravity than water, and enabling them to float in that fluid, by enclosing with- 
in them air o( gas, is susceptible of application to a variety of useful purpo- 
ses. It has accordingly been adopted m the construction of swimming-gir- 
dles, life-preservinfir Mts, and air-jackets, which like the bladders noticed 
above, are merely baes of dilferent shapes contrived so as to be inflated with 
air, and worn round me upper part of the body. Life-boats or safety-boats, 
as thev are sometimes called, are rendered buoyant by forming in their sides 
air- tight cells or lockers, of sufficient dimensions to prevent the boat from sink- 
ing even when every other part of it is filled with water. It has recently been 
proposed to extend this principle to vessels of any size, and thus to prevent 
heavy laden merchajit-ships or men-of-war from foundering at sea. The 
scheme consists in the employment of copper tubes of a cylindrical form, 
hermetically closed at the ends and sufficiently large and numerous to con- 
tain as much atmospheric air as would cause a ship to swim, when in con- 
sequence of having sprung a leak it would otherwise sink. It is stated by 
the inventor of these safety tubes, Mr. Ralph Watson, that an eighty-gun 
ship, even when immersed from leak, would not require the application of 
such tubes to a greater extent of displacement of water than' would be suffi- 
cient to support 240 tuns of its immense weight. 

10. Fish, in general, are provided by nature with a peculiar apparatus, which 
enables them to swim with the utmost £iicility, and to ascenid close to the 
surface of the water, or descend to a considerable depth beneath it, by means 
of a membranous bag or bladder containing air, which they can distend or 
contract and thus alter their specific gravity according to circumstances. 
The toad-fish it is said distends its sto.-nach by swallowing air, to assist it in 
swimming, and becomes puffed up like a blown bladder, in the same mann» 
as the globe or balloon fish. 

11. An experiment has been previously related exhibiting the effects of the 

1>res8ure of water upward in supporting a plate of metal, in contaot with the 
ower extremitv of an open cylinder, from which it may be inferred thil|. 
solids of the highest specific gravity, as g^d or platina, may be made to float 
on water or any other liquid, provided the floating body be of such a form that 
its upper surface may be protected from the pressure of the liquid by a column 
of air, the depth of which bears a certain proportion to the specific gravity of 
Ae solid. It is thus that a china tea-cup, though much heavier than an 
equal bulk of water, will yet float on that licjuid if placed in it with its cavity 
upward and empty ; but on pouring water into it, the cup will descend in 
consequence of the air within its cavity being displaced by the heavier fluid ; 
till at length, when so much water has been poured in as to render the cup 
and water together heavier than a quantity of water equal to the space the 
cap occupies when immersed to its edge, it will sink to the bottom. 

Explain the construction and use of the girdle employed for the samo purpose 1 
How are life-boats made incapable of sinking 1 How are Watson's safety tubes to 
be applied for the security of vessels at sea 7 To what is the power of vertical 
movement in fishen attributable 1 How may the heaviest of metals be made to float 
on the lightest of liquids 1 What quantity of water will it be necessary to pour into 
a Boating basin in order to sink it to the water's edge 1 

7 
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12. A raft will float, became it is absohitdy Ugfater than water, and a fii^ 
boat also for the same reason ; but vessels in general, from the oock-boat lo 
die largest man of war, owe their buovancy to their concave form. Henoe 
ships need not be built of fir or any light wood, since not only the heaviest 
woods might be used but even the heaviest metals, to construct floatingr vee* 
sels ; and mdeed steamboats made of sheet-iron have recently been tried, 
and found to possess the requisite properties for ploughing the waves with 
perfect fodlity and safety. 

13. Floating bodies may be employed to raise heavy substances firom i|k|L 
bottom of a nver, pond, or bamn of water. Thus a sufficient number of oi? 
tight casks might be attached by ropes or chains to a large block of gtwoStii-' 
at the bottom of a river near its entrance into the sea, and the ropes being 
adjusted to such a length as to keep them strained tighdy by the buoyancy 
of the casks at the lowest ebb of the tide, the blodL would oe raised bf the 
upward pressure of the casks at high water. Perhaps this method of raning 
or lowenng i)onderou8 masses of stone mi^ht be advantageously applied to 
practice in building bridges or piers within the tideway of a river. 

^ 14. The common method of regulating the supply of water conveyed by 
pipes into a cistern by means of what is called a ball-cock, depends on tfaie 
action of a hollow globe of such dimensions relatively to the ihickncsa of 
the metal as to keep it always floating on the top of the water in the ciatem. 
A long wire is connected with the ball at one end, and at the other with a 
valve or stop-cock, on which it acts as a lever, opemng it when the long arm 
of the lever is allowed to descend by the ainking of the ball attached to that 
end, when the water falls in the cistern, and on the contrary closing the 
valve, when, by the rising of the ball with the water, the cistern becomes 
foil, and the lever presses on the valve or cock and keeps it shut, so that the 
dstem can never be filled beyond the proper height. 

16. The power of floating bodies may also be applied in a different manner 
to the purpose of rendering buoyant other bodies attached to them ; and 
among the various applications of this principle may he noticed the ingenious 
mventioa called the water-camd, used m Holland and also in Russia and at 
▼enice, to enable large and heav^ laden ships to pass shoals or sandbanks. 
The method of eflectmjg this obiect consists of the application of two long 
narrow vessels adaptecTto the sides of the ship, and beins hollow and water- 
. tjght they are filled with water, and then let down, and firmly secured on 
ivh ^de of the ship, after which the water is to be pumped out of them, and 
tile whole mass, consisting of the ship and camel is thus rendered spedfical- 
If lighter Uian before, ana drawing less water than the ship alone did pre- 
VKHialy, the shoal or sandbank may be passed without danger of grounding: 

16. The tendency of a floating body to assume a particular position when 
partly immersed in a liquid, aiid to retain or lose that position according to 
circumstances, may be elucidated by reference to the doctrine of the centre 
' of gravity, as explained with relation to sohds. When a solid body, specifi- 
cally lighter than water, is placed on its surface, it will sink to a certain 
depui at which the absolute weight of the body is exactly counteibalaneed 

How is the floating of a raft to be explained 1 How does it diflfer from that of an Iroa 
steamboat 1 To what useful purpose may the principle of flotation beapj^ledia 
eonnexion with submarine operations) m what manner is the same' prinopla a|h 
pNed to regulate tho access of water to a cistern 1 Explain the construction and nsa 
of the water-camel. What takes place in regard to tlie centre of arravity of a Aoat 
isf body 1 How deep will such a body when specifically lighter than water ahiBgra 
mk in the Hqtddl what name is i^n to the point at wliich the whole buoraocar 
of the liquid may be conceived to be eoncentnted 1 
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bv the upward preasure of the water. The [xmit at which the entire weiriit 
ma body acts with greatest effect must be its centre of gravity ; and tnat 
yomt at which the sustaining efforts of the li<(uid are most effective may be 
termed the centre of buoyancy, which must evidently coincide with the cen- 
p^ of gravity of the oortion of water displaced by the floating body— and 
if the body be of iiniu>rm structure, with the centre of gravity ol that part 
of It which is under water. A floating bodj cannot maintain itself m a 
•tate of equilibrium, unless its centre oT oravity be situated in a vertical line 
over its centre of buoyancy, or immediatdy unaor that point. In the fanner 

. jflNw H will be in the state of instable equil&rmm, and in the latter in that of 

MJImkm equilibrium. 

17. Hence the necessity of pladne ip M rt> ar ^ stones, or other heavy substan- 
eM«i the hold of a ship by way of oaftm when it is not freighted, o^ is laden 
with very light merchanmse, m order that its centre of gravity may not be 
ewvated too much above its centre of buoyancy. It is not requisite that the 
centre of mvity should be reduced below the centre of buoyanc]^ fbr 
though such a disposition would contribute to the stability of the vesadl the 
resistance to its passage through the waves would be so great as to make it 
aail heavily. In determining the proper situation of those points regard 
must be had to the shape and dimensions of a vessel as well aa to the nature 
of the cargo or lading, and the manner of stowing it; and on a due atten- 
tion to these circumstances its security and rate m sailing must in a great 
• depend. 



HYDRAULICS. 

CXXVII. Hydraulics is the science which treats of 
the motions of liquids, their laws and the force they exei% 
upon each other, and upon solids. ^ 

CXXVIII. The science will be treated under three di- 
yisions. 1. The motion of liquids through tubes and chan- 
nels ; 2. The means of producing motion in liqtMs, as in 
the yarious pumps, and other hydraulic engines ; 3. TIm 
power deriyed from liquids in motion, whether produced 
naturally or artificially : this last department will in* 
elude water-wheels, and yarious applications of water- 
power. 

CXXIX. It is well known that water can be set in 
motion merely by its own grayity ; as when it is allowed 
lo descend from a higher to a lower ley el, either perpen* 

urtn be the relative position of the centre of gravity and of the eraitre of 
of a body fksatiag at rest on the soriaee of traterl Why are heavy arti> 
d in the hold rather dian on the deck of a Teasel 1 CXXyfi. What deeatte 

atB^miUe»t6Bch% CXXYHL What ia the diTialon of the subject ICXXDL 
can water be pat in motion, and how will it riseabore to natural Mvall 
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dicularly or down an inclined plane. And by an increased 
pressure, as of the air, or by removing the pressure of the 
atmosphere, it will rise above its natural level. 

In the fomiOT case, it will seek the lowest sitoation ; in the latter, it may he 
forced to almost any height 

Obaervatian 1. Water, bjr the process of evaporatioiL ia^made to ascend 
into the atmosphere m the rorm of yapour : afterward it ciescends in the form 
of rain, snow, or hafl. Of that whini fidls on the land, part is absorbed by 
the roots of vegetables, and part dMQlpding into the earth, forms subtemK ' 
neous streams which break out jiyMfinf 

2. Any part of a fluid at rest p||iqi% and is pressed, equally in all direc- 
tions. For each particle is ditpotadtD mve way on the slightest diflference 
of pressure, cons^iuently it presses aqaaUy in all directions, hence the late- 
ral IS equal to the perpendicular pressure of fluids. 

CXXX. The velocity with which water spouts from 
a hole in the side or bottom of a vessel, is in proportion 
to the square-root of the distance from the hole below the 
surface of the water. 

Example. If at the distance of one foot from the sur&ce, the velocity is 
1, another hole, four feet from the suifaca would give the velocity of 2, and 
at 9 feet deep there would bo a velocity of 3 ; here 2 is the velocity acquired 
and 4 feet the distance, and 2 is also the square root of 4, and 4 is called the 
square of 2 ; so also 9 feet is the square of 3, which last is denominated tho 
square root of 9. 

CXXXI. In consequence of the pressure of fluids, 
and the facihty with wnich they rise to their first level, 
fluids ffBj be conveyed over hills and valleys in bent 
pipes, fe any height which is not greater than the level of 
the spring from which they flow. 

Obserwg^on. It is generally stated in the books, that the ancient Romans 
were ignorant of this principle, and hence constructed aqueducts across val- 
leys at an enormous expense, giving to the water a regular slope whereas at 
the present day a single pipe of cast iron is made to answer the same pur- 
pose, and even oetter, out the fact was not from the ^norance of the ancients 
of the principle but because they had not any matenals that would resist tiw 
pressure of water in pipes, when descending through valleys. 

CXXXII. Fountains are formed upon the same prin- 
ciple : if, near the bottom of any vessel, a small pipe bend- 
ing upward be fastened, the water will spout out through 
the pipe, and rise nearly as high as the surface of we 
water m the vessel. 

What are the laws of the pressure nf fluids at rest 1 CXXX. What Is the veto 
eltj of water spouthif from a veasell CXXXI. What is said of conveymff water 
over hills 1 What is sild of th^ knowledge of the ancients, on this subject f CXXXII 
What is said of fountains t 






CXXXni. In the pvsage of liquids tfarou^ 
ml tbitH^i fipes, the velocity is Tery much impeded by 
fitctiiHi, an^ this is increaaed irith the roa^mess of toe 
Hlid surbee over which it flows. 

•■dnirinDn hrdmlmiicm,''^ ■■;■ lb. LfrU, "ubc 
Mmg «ia> that ihe •dociiyuikalfM^ofa itnaa 
tuia IDT pan tbove ii, ind ia giHliMl (^ aiubcv; alftii ihalikc iip a- 
IddpMtielniD Ibe middle of the MhM^ mow fum- ihu A^ u tfaa 
•In. Tluai«ianiuioniapniiliualbr&icnBDw*iB« tbeadtaaodboMB." 
Ite tmtb of this mnut w Men, bj waieking tke motioB i>f paniefai mm 
Igi^ with die eumni ■( ihSmot dcpika, umw o> du anfco vOl ■<»■ 
— ^^^ than AoM DMT the bottom. TbawmeprMcipTe mar he IloMW- 



■Imu ihc bot'tom while'ihe otha end profrrt* abore thirw 

ps end moTuig fiuier will cauae the log to indna brwaid aa aeen 




CXXXIV. The effect of friction is even more percep 
tible in the passage of water through pipes than m open 
channels. 



IT beset with points. In 
Gqidd is foniid ia mn mon laiwUy in ttu middia of uu 



■eset with points. In pipes, 
ra is con■denb^ drgrse of 



the adea wha« it ndw agunsi the tii_ _. 

br UBvejoag wMer, diimniih ■ntj mncfa lbs quantit)' diaduciBd in' any 
giTan 6me bjr cansiiig little eddies m the ennenli beUnd these an^e* in ihs 
nine niuuier as a large rock in the bed of a lifci, wSLcanas an eddf bs- 
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hind it Hence, in all pipes for conveying water the bends of the p^>e8 AoM 
be curves as large as convenient to duninish the friction. , 

2. An inch tube of 20C feet in length, placed horizontally will discharfle 
only one fourth part as much water as a tube of the same diameter an inch 
in length ; hence in all cases where it is proposed to convey water to a db- 
tance m pipes,, there will be a great disappointment in respect to the quantity 
actually delivered, unless the engnneer takes into account ihe friction, and 
the turnings of the pipes, and makes large allowances for these circumstan- 
ces. If the quantity to be actually deuvered ought to fill a two inch pipe, 
one of three mches will not be too great an allowance, if the water is to be 
conveyed to any considerable distanoB^ 

3. In practice, it will be found tbftt a ^kte of two inches in diameter, one 
hundred feet long, will discharge fibout five times as much water as one 
of one inch in diameter of the same length, and under the same pressure. 
This difference is accounted for, by supposing that both tubes retard the mo- 
tion of the fluid, by fiiction, at equal distances fi'om their inner surfaces, and 
consequentlv, that the effect of this cause is much greater in proportion, in 
the small tube, thah in the large one. 

CXXXV. Friction is further illustrated by the passage 
of water through the sides or bottoms of vessels. 

Illustration 1. It has been ascertained from experiment that a greater quan- 
tity of water will be discharged in a given time from the side or bottom of a 
vessel, through a short projecting tube, than from a simple aperture of the 
same dimensions. The tube, however, must be entirely without the vessels, 
as in fig. B, for if it is continued inside, as at A, the discharge will be lessen- 
ed instead of being augmented. 

2. Much also depends on the figure of the tube and that of the bottom of 
the vessel, since more water will now in the same time through a conical or 
bell-shap»i tube as C, than through a cylindrical tube. 

3. A still further advantage was gain»i by having the bottom of the vessd 
rounded ip in D, and the tube bell shaped. 

Tig. 87. 

CXXXVI. The second division of hydraulics, includes 
the various means of producing motion in liquids. This 
head embraces all kinds of engines used for raising water 
to a higher level as pumps, <&c. 

CXXXVII. All the different methods hitherto adopted for 
raising water, may be comprehended under five heads : 1st, 
the direct application of mechanical power, as the common 

m • ■ 

Wbft Blnstratioa Ity an inch tube 200 feet long 1 What proportion wiQ be found 
In practice ? CXXXV. How is friction farther iDustrated t Give the first and seivood ■ 
illustrations 1 OXXXVI. Describe the second division of hydraulics. CXXXVB. 
What are the different methods hitherto adopted to raise water 1 



rope and windlass ; Sd, by means of the preasun of theair, 
as in common sucking pumps ; 3d, by compression as in 
ffxtdtig pumps ; 4th, by iveiglit or momentum of the water. 

CXXXVIII. Probably one of the earliest processes 
resorted to for raiaing water, was the common bucket and 
rope, either raised by the hands, or drawn np by a wind- 
lass, as in our common draw-wells. But the compaia- 
tiTely small quantity of wat^ that can be raised at once 
by the use of a single bucket confines its employment to 
domestic or occasional purposes. 

CXXXIX. The chain-pump is a much more efficient 
engine, though very similar in its mode of action lo the 
preceding. 

nZii»!ra(ioTi. The figure below uidicatee the form of this apparatnB and con- 
HHtB of a number of flat pktes or dlaka of wood or meisL uauallj square^ 
and connected tovelher through Ih»r centres by an iraa rod, with joicte be- 
tween each boardi bo as to permit them to turn whh nearly ihe aeme free- 
dom as if they were coaneclsd by a chiiQ. By attaching a winch to the 
Upper wheel, theee diBhs or plates drawn up by therevolvine I'.bain, form ao 
many buclietB filled with water, which they cairj up and diacbargo into a 
i^lem above, or when used as they commonly are on ship-board, into a 
[ope that may discharge it again into the eea. The machiiui may be let m 
motion by a winch, or other means applied to turn the upper wheeL Hut 
chain-pump will act with greater e^l when the cylinder con be plaoed ob^ 
liquely than when its directioa » exactly verticaL 

Pig. sa 
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CXL. The rope-pump is akn (A- 
cieat modification of the chain-pump 
01 bucket-engine. It is composed at 
wheels, one under water and another 
above water. Fig. 89, a b, and this is 
turned by the crank d. 

The n^)e- generallv uaed for this puipiMe con- 
«iu of lomelf Bpun oareehiiir, or yarn, and pn- 
duces ita efiect b; the fricbon of the rope with the 
liqiud and depends aimoBt endrelf upon the xreat 
nptdity of the motion. 

ObierBaliim. Tbii HposratuB is but ■ tude tpeatm 



CXLI. The cochlion or Arckimides' screw, said to have 
been invented by this philosopher, was used for draining 
ihe lands of Egypt about 200 years before the Christian 
era. 

JUutfrolum. This inelniment may be understood by Buppoains a ftciibls 
tuba bent round ». cylinder of wood or metal repreeeniing the thread of ■ 
■crew at seen in fig. 90. The lower eitremity being immersed in b re»ervoir 
of water, the liiiuicT will enter the tube and by turning the cylinder by mean* 
of the crank the varioua positiona of the hollow acrew thread are made io 
vary their poeiliun ao that the lii]iud ia Ibrced up to the highest part of the 
i^liiidw where it ia diacbarged into ■ proper rec^tack^ at . • -- 



te wood-eot t>elow. 
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en.. Deaerlb* lbs rope pump. Wbiiila<h«B UBt ia lkn i1 CXU, Wbtli ft^Jj. 



CXLII. The second dirisioD includes instruments used 
tonise water chiefly by means of the pressure of the 
attnoBphere, and compriseB the Tarious kinds of pumps, 
and other engines used for this purpose. 

CXLIII. The coMuoN or suction pimp consists of a 
pipe open at both ends, in^^jfh is worked a moveable 
piston, that fits the bore exSnly, and is provided with two 
valves, one in the piston which is muveaole, and the other 
below it which is fixed ; these are called by the workmen 
the upper and lower boxes. 




EtuttraHen. The mctian-pmnp Bametiiacs contdatB of tifo hollow ejM- 
dric pipes A uid E, Ihe laller of which nauall]' tominstei bdow in ■ pofo- 
ntodbalL throngh which thewsierin ihawellBniers freely into them"'"" 
1^ ; and ttt its other extremity is ■ tbItb D, opening^upwar^ and afli 
aiion, when open, iriih the upper pipe A. 
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the barrel ox body of the piuna ths piatoQ B, maim an^tighl TOIioallr, ud 

i._ : — r, opgaing apmta, it pernuls the water lo pair """ — '- — ' ■ 

he apout. Now mipfiMe the pitlon to be at i 

ct unth thevaln D,^on lifting the former by de^ 

handle of the pump, connected widi the piaton-rod at F, the Talfe C will b« 
dooedbr thepreaanreofthoMr tbovt, andavacutun being Ihoe formed in ^s 
harrel, the same preeaore on OwMrbce of the water in the well, will drive il up 
Ibe tuction-pqn and raieiaK the vehe D, the water will enter the ezhauaied 
* ig the pialon ibe Talle D will be shut, and that at 



by il9 valve C opening upwan^ it penntts the water to pan abors it and be 
diicharged at the apout. Now mipfote the pitlon to be at the bottom (rftbe 
barrel in cootactinththeTaln D, on lifting the former by depreuinrtheleTer 



aa-pipe, ■ 
'hence bj 



n a partial TMBun in 



tbs burd of the pump, ind the upper put of the pipe E, mnd it wQl'ta oolf 
after the whole of the included eir hu been expelled througti tbs pfajM^ . 
t«1tc^ and cepUced by water in the pipes, that the hquid bepne to flo«i lh» 
Mmo^behc presaure* below tikiaa mil el!ecl, while the equiiilait [MMHI 
thtm u counlcncted by the diinu^ Ibrce applied to the handle of tbe pttBft 

CXLIV. The suction-pump cannot raise water beyoDd 
tho extent of the action of atmospheric pressure, the ut- 
most limit of Tvhich is ab(Htf.,lhirty-fouT feet. 

lUuMraHim. Therefore the hoght of the ybIvb D, above the levd ottbt 
water in the well niuBl never exceed thai distance ; aod unless the pump be 
accimlely coaatrijcted, so that the piatoD in ite descent fits cloae la the 
tMttom of the barrel, so as to foim a petfect vacmtm in its Bscent, the water 
will not rise to the extreme height in the ■uctioa'pump. Ittnust aiq)ear Boms- 
what paradoiical, that though Ihia will be the effect when the pump iH in tbe 
best workuiK order, tbe valves, and pipes bong aii-tigbt, yet a pump, the mo- 
tion pipe of which has been damaged, so that a small quantity of air can 
•Uler, will raise water nearly twice aa hffib aa a good pump. 

Id thisinstatice thecolumu of liquid becomes much hgbter from the ad- 
mixture of air, and thus requiiea less preaaure and force to elevate it. 

CXLV. The thiid method of raising water is that of 
the forcing-pump which consists of a barrel, a plunger, 
and two fixed valves, that should be air-tight, and so dis- 
posed as 'to let the water freely rise, but prevent its 
return. 

JUtutrafian 1. The upper poftioD of the barrel which contains the plunger 
■nd the flnt valve has a side'iupe branching af^ aa repreaentwl in the figuio 

fig. 92. below, having at a short distance from its origin th -■ 

_.,... U..U „-, , 1 »,._ ^ ^ pi 



valvt^ both valvea opening npvrard. Now if the plunger b» 

i depressed to the lower valve, and then raised, thai will open, 

while the valve in the lateral pipe remains closed, and the 

pressure of the atmoapbers on the water in the w^ will cause 

It to tise a little and cipel a part of the air through the Grsl 

valve; the pietoti then being lowered that valve wilTchni^ and 

the an above it be eipelled through the other valve ; thorn 

. every elevabon of the piston will make ^e water rise higher in 

the cvUnder till It haa expelled all the air, and it will conaa- 

quently at tbs itBXt lifting of the pattm, pass above Aie ArM 

J valve, and the piston being a^in lowered as tbe liquid eatniM 

J descend, the valve being doaedl, it will be forced into the lattrvl 

pq)e, through ita val*^ and «a it ia prevented from letorainc 

L again by that valve, it will contimu to ucend with erery dowk- 

vnrd stroke of the piston, and may ihua ba raised to way 

height requited. 

£ In the foccingininq) the atraam would be intermining wan 
it not Ibr the nppet part of the ada-pipe containing • portion of' 

* The iDbjest Drstmaaptisilc pnaanre will be explalngd In the chapter m Tneo- 

of the BohunaarHquJdraJudl t 
pumpl Olra the llrst lUiulraUon. 



r, and hence cdled the 



m tdb», ud thu kecfM op tnequtble it 

CXLVI. The commoQ &re-engme is merely a double 
' ig-pump so contrived as to miow a continued stream 

-. , if two bunii adt b, fie. 93, in which 

two pwtOM move perpendiculaHr being atticbed to the end* of wortiiu 
beam e. d'aaa air-cfa>iiiber, lbs lit bv its eluddly, preuini apon the col- 
nma of Uqnid etetdily fincei it throngh tbe pipe c The waier enienng faf 
the pipe g, puen op the two barrel* through the lalves pitced s little bi- 
low (be pistons, and thencs inio the air-chainbeT d, when it ii fniced out 
through the pipe e. 




CXLVII, The fourth kind of en^ne for raising water 
is that which acts either by the gravity of a portion of the 
water to be raised, or by centrifugal force. This in- 
dudes the fountain of Hero, the centrifugal puntp, and 
the Belier Hj/draulique or hydraulic ram of Montgolfier. 

CXLVIII. The fountain of Hero or Hungarian punop 
produces its effect by a confined portion of air, and the 
pressure upon it of a high column of water. 

(SLVI. DeiernistheSrsciijIael CUEVn. Wlwt l« the fannh UaS rf laghl 
M*dtenWi« water. CZLVUL Deaciiba Ih* ftuntiin of Han. 
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lUuatration. Its constniction will benuler* 
stood by fig. 94, but its fonn may be vaiieaae' 
cording to the fancy or taste. The boxes a md 
bf together with the two tubes ce, are made air- 
tight, and strong, in proportion to the height 
it is desired the water should rise. To set the 
machine in action nothing more is necessary 
than to shut the cocks a and ^ and open the 
cock ?L from which the air previously contained 
in the lower chest will escape, and its place will 
o be filled up by the water below, which will pass 
Er? through the valve contained in the bottom of 
lower box and opening upward until the chest 
6, IS completely filled. That done, the air-cock 
^ is to be shut, and the water-cock^ opened, 
when a column of water, equal to the fiili 
height and pressure of the cistern^ will rush 
down the pvpe^ and by filling the cnest Oj will 
expel its air, which has no other opportunity of 
escaping but by the open pipe c, down which it 
will pass, and produce a pressure on the surface 
of the water in the lower chest, eaual to the 
entire height of the column^ and the air thus 
thrown into the chest 6, being in a condensed 
state, will force the water previously in that 
chest up the pipe «, fi^m whence it will be dis- 
chareea at d. The lower chest b, will now be 
filled with air, while the upper chest a, will be 
occupied by water : therefore, the cock^ must 
be shut, and that at a opened, when the whole of the water from a will be 
discharged, and will give the air in 6, an opportunity of returning again into 
a through the pipe, c ; and as the ah* from b escapes, its place will be occu* 
pied by a new charge of water, which will rise through the valve, contained 
m the Dottom of the chest 6, and agaui fill the lower chest, and prepare it for 
a second discharge. 

Observatum. The machine now described was called the Hungarian machine, 
because it was once employed in draining a mine at Chemnitz in Hungary { 
the force with which it acts depends on the relative length of the pipes 
ejfand c, and at the mines above mentioned a curious and surprising pheno- 
menon takes place on opening the stop-cock A, after having forced all the 
water Gcom the box b : the water and au: will rush out at A, with great vio- 
lence and the drops of water bv the great cold produced Scorn the sudden ex- 
pansion of the air are instantly converted to hail or lumps of ice, tssumff 
with such violence as to pierce a card of thick pasteboard like a pistol-balL 

CXLIX. TTie centrifugal pump is a machiAe construct- 
ed to raise water by means of the centrifugal power. 

Illustration. It has several dififerent forms, one of the most simple of which 
is shown at fig. 95, 'm which g h represent an upright spindle, so fixed, that 
rapid rotatory motion may be communicated to it by the winch t, and k m 

What is the observation on this machine 1 What is the eentrUhgal piunpb 
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__^ _.., r of curved pipe* (each of whwh conWma one valve 

opsmng iqnvBrd) to diiqioKcl snd fited to the spindle, that [faeir loweat ends 
may ba near loi^ snd be covered by xhe vster to be railed i and ihdr upper 
•nu^ wiuch are quile open, are eitended lo a csnekleiable dielance fiom Ihs 
oanttB itf motion, and finaDr bent downward lo prevent the diBpenrion of 
dM wtlcr. The Heveral curved pipes muat be filled wilh water, which will 



be nliBKd in them by iheii botlom valyee, and a 









ceotnfiigialK 
St thsunMT 

waur. fill __, 

pipee and the wmler the* delncr, which rung off by inHita at n n. Thi« 
maehine, acconfinc to tneorr, anould deliver waia with a velociiy neailj 



tendency to fly off and empty the pipes, will be induced 
_> will produce a vacuum, capable of nisini; a column nf 
areolar pan or reservoir to receive the ufqier ends of alljl: 



CL. The Belier Hydraulique or Hydraulic Ram is b 
machine to raise water by means of the momentum of a 
cuirent of water suddenly stopped in its course, and made 
to act in another direction. 



OUZ. Wl^ lalba aWiUtacil pi 



I Daiulba b. CL. Wbal li U 
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itB penphery sre fixed ■ number of cavities culled buckets, being doted 
both aides, bul hivina openings, so thai (he water, conducted by a terol 
trough of the same breadth with the wbed, may (ill each bucket in succea- 
aion. as it rcBChes thai poinl in the circuit of the wheel ni wbich the weight 
of (tie wsier can begin (a act on its circumftrence. From the peculiar iann 
of the buckets they retain ttie water partially till they ha-ve descended Co 
pear the lowest point of the circuit, and having discharged their contenti 
-_._... ....... ^^ iii^j^ ascend on the opposite aide in be filled ar ' '"" 

nostp. 
■a of flowing w 

CLIV. The breasi-wheel is one in which the water 
falls upon its float-boards, about on a horizontal level with 
ihe axle oi shaft of the wheel ; it is therefore a sort of 
machine having an intermediate character compared with 
the undershot and overs hot- wlieel, ► 

JUmimfion- It has float-boarde like Ihe fbrniBr, bul they are converted 
inln buckets somewhat after the manner of those in [be chain-pump, as thef 
move in a csvity adapted to (he circumference of the wheel, as ahown in the 
entbelow. The water psBSes through tbis cavity, entering it nearly on a level 
with tbeaiisof the wheel. In this ease (he liquid acts chiefly by ita waght! 
and Ihe machinCj though less cfGdent than thsoveraliot-wheel, is more so 
than Ihe other. It is, therefore, only used where the laU of water happOD* 
lo be peculiarly adapted for the pur|>ase. 
Fig. 99. 




CLV. The maclnne called Barker's mill is constnict- 
od on what h called the principle of reaction of water, 
and was invented by Ur. Barker in the 17th century. 

Dacription 1. It conusts of a hollow cylinder a. (fig. 100,) enlarged at 
Uv into ■ funnel b, into which water i> discharged by the tube b, and p*a>- 

OUV. Describe UiebieaitwlieaL CLV. I>e*crlbg Barker's mllL 




ing down the cylinder escapes through the small apertures n A o^ near 
the extremities of the arm ; the apertures being on opposite sides of the 
ann. 

2. To start this machine nothing more is necessary than to fill it with 
water by the tube &, the spouting streams will communicate rotary motion 
to the vertical cylinder. The action depends not on the pressure of the 
itKam against the atmosphere, as sometimes stated, but on the hydrostatic 
pressure of the column of water in the cylinder a, wnich exerts great forces 
on the interior of the hollow arms n <fc o, and that force being removed from 
toe pdnts whenever the water spouts but not from the corresponding points 
opposite to the apertures, hence tne pressure on those points causes the ma- 
chine to rotate in a direction opposite to that in which the spouting cur* 
KBt moves. It may be easily attached to, and made to turn other ma- 



PNEUMATICS. 



CLVI. The science of pneumatics treats of the weighty 
pressurSy density ^ elasticity ^ and compressibility of the 
atmosphere. 



Htm is H set fai motion, and what is the principle on which it acts ) OLVL De- 



9Q RfEUMATIOS. 

CLVII. By the atmosphere we mean that aerial or 
gaseous fluid which every where covers the surface of 
the earth to a depth of forty or fifty miles, and which is 
known under the names oi aivy common air, the atmoS' 
sphere, &c. 

CLVIII. The distinction between Uquids and those 
more elastic fluids called air, gas, vapour, or steam, de- 
pends, it is believed, chiefly or entirely on occasional 
causes, and especially on the temperature and pressure 
to which they are subjected. 

lUustrcUion 1. Thus water is a liquid when exposed to the ordinary tem- 
perature of our atmosphere, but if heated until it boils it becomes an elastic 
fluid like air. 

2. Fixed air, or carbonic acid, when exposed to the pressure of the atmo- 
sphere is a gaseous fluid, but when put into a close vessel and pressed with a 
force of 600 pounds on every square inch of the vessel it becomes a trans- 
parent liquid. It is believed indeed that all the gaseous bodies could be lique- 
fied either by great cold or pressure, or by both combined. 

CLVIX. The atmosphere is essentially composed of 
two simple gases called oxygen and nitrogen ; by meas- 
ure, 100 parts contain about 20 of oxygen, and 80 of 
nitrogen. 

Observation 1. This atmosphere is necessary to animal and vegetable life^ 
and to combustion ; it is a very heterogeneous mixture, being filled with Ta- 
rious kinds of vapours. 

2. The height to which the atmosphere extends has never been exactly 
ascertained ; out at a greater height than 45 miles, it ceases to reflect ma 
rays of light fi'om the sun. 

CLX. The air is not visible, because it is perfectly trans- 
parent : but it may be perceived on moving the hand in it. 

Example \. The existence of the air may be ascertained by swinging the 
hand edgewise swiftly up and down, which gives the idea of separatmg the 
parts of some resisting medium. 

2. Any swift motion, as of a stick, or whip, or fan, proves the exist^ice of 
air as a resisting medium. 

CLXI. Air is 815 times lighter than water, and 11065 
times lighter than quicksilver, but the whole atmosphere 
presses on all sides like other fluids, upon whatever is im- 
mersed in it, and in proportion to the depths. 

CLVn. Define the atmosphere. CLVm. What is the distinction between liquids 
and elastic fluids 7 Illustrate by water, also by cart>onic acid. CLIX. What l« Uie 
ooiQposition and proporticms of the atmosphere) What are the observatknut 
CLX. How is the pressure of air ascertaiaed. CLXI. What is the wei^ of air 
and how does it press? 
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BsampU Litis well known that the preesare of the air is less upon ahirii 
mountfun than upon a plain or Taile^. It is on this princijf^ that poopia 
ocnm^ain of shortness of breath, giddiness and a sense of oppression on as- 
cwHiing a very hiffh mountain as Jtfont Blanc, Chimborazo, &c. Here the 
air is so rarefied tnat the pressure of the blood and other fluids in the body, 
is greater than that of the air without, and produces the unpleasant seasa- 
tions above named. Baron Humboldt, on ascending point Chimborazo, 
finmd that the blood was forced through the pores of the skin, and that 
breathing became exceedingly difficult, compelling lum to return immediately 
to the lower regions, where the superior pressure of the external air was 
sufficient to counteract that of the fluids within the body. 

2. The pressure of the air may be thus shown : cover a wineelass com- 
pletely filled with water, by a piece of writing paper: then place the palm of 
the hand over the paper, so as to hold it tight and accurately even. The 
glass may then be turned upside down, and the hand removed without 
the water running out The pressure of the air upon the paper sustains the 
weight of the water. 

3. It is the pressure of the atmosphere which sustains the mercxuy in the 
barometer tube. 

On the surface of the earth the water boils at 212 degrees ; on Mont 
Blanc which is fifteen thousand feet hi^h, it boils at 187 degrees. These and 
many other experiments show, the higher we ascend firom the surface of the 
earth, the less is the atmospheric pressure. 

CLXII. The air can be compressed into a less space 
than it naturally occupies. 

Experiment 1. Take a glass tube open only at one end, and it is of course 
full of air. Plung^e the open end into a bowl of water and the liquid will 
rise to a small height in the tube, showing that the air is compressed into a 
Mnaller space thanlt naturafly occupies by the upward pressure of the water. 

2. Let a small cork be placed on the suilfoce of the water, within the in- 
verted tube used in the last experiment ; the situation of the cork will show 
tile height of the liquid within the tube and consequently how much the air 
has been compressed. 

3. On this principle the diving-bell is constructed, by which persons are 
enabled to descend into the depths of the ocean, and recov^ valuable articles 
lost from the wreck of vessels and other accidental causes. 

THE DIVING-BELL. 

The diving-bell consists of a heavy vessel in the form of a bell with the 
mouth downward and generally constructed of cast iron or of wood, the 
latter loaded with weights to make it sink. It is usually furnished with 
shelves and seats on the sides for the convenience of those who descend in 
it; and several strong glass lenses are fitted into the upper part for the ad- 
mission of light There is likewise a stop-cock, by opening which the air. 
rendered impure by respiratbn, may from time to time be discharged and 
rise in bubbles to tne surface of the water ; and provision must be made for 
the regular supply of fresh air, which may be sent down through pipes from 
one or more large condensing syringes, worked on the deck of a vessel 
above or by the person in the bdl. The bell must be proporly suspended 

Give Uie examples. CLXIL Is air compreiaible 1 What eiqierimaiit to pirovs 
Itl What expenment with a ooxk 1 Describe the diTloff>belL 
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from a crane^ or cross-beam, furnished with tackles of pulleys, tiiat it may 
be lowered, raised, or otherwise moved, according to circumstances. 

4. Some interesting experiments were made a few years since on the En- 
tfitk frigate Huzzah, sunk at Hell-Gate, between the city of New York and 
Cong luand sound in about eighty feet of water ; the vessel was sunk do- 
ling the Revolutionary war. A great variety of articles were obtained 'by 
meaos of the diving-bell. 

5. Some curious inventions, for the purpose of submarine navigation, have 
l)een invented in the United States. Robert Fulton, the successml inventor 
of the steamboat, contrived a machine of this Idnd, called a Torpedo ; and 
David Bushnell invented a submarine vessel in which a man mi^ht pass a 
considerable distance under water ; and by means of this, and its accom- 
pan3ring magazine of artillery, an attempt was made to blow up a British 
vessel m the harbour of New York, during the late war with England.* 
This project appears to have failed merely from the difficulty or ratlTer im- 
possioiUty of attaching the magazine to the bottom of the ship, which was 
attempted by means of a sharp iron screw, which passed out from the top 
of the diving-machine, and communicated with the inside by a water-joint, 
being provic^ with a crank at its lower end, by which the engineer was to 
drive it into the ship's bottom. .The machine anbrding no fixed point to act 
from, the power applied to the screw could make no impression on the ship ; 
and thus tnis bold adventure was disconcerted. 

CLXIII. The air is of an elastic or expanding nature, 
and the force of the spring is equal to what is commonly 
called its weight. The spring, however, operates in all 
directions, and is as powerful in small as large bulks. 

Definition. When a substance is either compressed into a smaller bulk, as 
happens on sitting down upon a well-stuffed cuiihion, or extended, as on 
puUing a piece of India rubber, and after the pressure in the one case, and 
the extending force in the other, the cushion and the rubber hound back to 
their previous state, they are said to possess elasticity. Of this property I 
shall give a few illustrations, without, for the present, inqunmg into tb« 
cause. 

Experiment 1. Fill a bladder with air by blowing into it, and in this stata ' 
the bladder is highly elastic ; it proves also that air is as much a substanoe 
as wood or metal, for no force can, without breaking the bladder, bring the 
sides together, though the parts of an empty bladder may be squeezecfinto 
any shape. 

2. Open a pair of common bellows in the usual manner, and then stop the 
muzzle securely, and no force can bring the parts together, without first un- 
stopping the muzzle, or bursting the lather, another proof that air is an im- 
pervious substance. 

CLXIV. Wind is air in motion, and its force is accord- 
ing to the velocity with which it moves. 



• For a description of this eurious eiurine, see a paper on " Submarine Na^sa. 
tion," by Charles Griswoid, in the Amerfcan Journal of Science, vol. ii. p. 94. 

What experiments on the frigate Huzzah 1 Describe the method of Bushnell for 
blowing up an enemy's shins. Why did tliis plan prove unsuccessful 1 CLXIIL 
What is said of the nature of^the air 1 Give the definition and the ejmeriments 1 and ft 
CLXIV. What is Windl ^ « -uu* 



^0&«r*a(tai. Aa fiahe* w« lumitUMlfd br WRtet, tnd liTB ud more in that 
Bmii, ID ara we, and >U other luid utimili, nimunded bjr ui, and live utd 
moTe in it. A fiab which ia taken out of the water, will die in a short lime ; 
and a hiunen being, ot an; other ammal taken out of the aeriel Quid, will in 
geiieial die much aoaaer. 

Aa the proeresaiTfl motion of water from one place to another, to etilA • 
eUTTcnt of water ; ao the progreMiTe motion of the almoipherical air i* Ball- 
ed, in general tnnd^ which, aceording lo the different velociliea of that flnid, 
is nuHB paniculaily epeoBud bf tbs appellalionB, brt^t, gtntle le^id, gali, 
terrieant, Ac 

CLXV. Air-pumps are machines constructed for the 
puTpose of exhaosting the air from dose vessels, generally 
called receivers 

Fig. 101. 




BItulTalion. The ebove figure exhibits a eeclion of an 
which it may be perceived that i[ eaaentially consials of two exhaoeung eyi- 
ingee, bo arranged ihat [hey can be worded aliemately. The eyringea ai» 
msrhjed A A, and their pistons are moved up and down within ihe mirrel^ 
by the racks or toothed rods B B, adapted lo corresponding leelh on the peri- 
pWy of the wheel C, having a winch or handle M, by which it may be 
nmed »o as to raise and depress either piston succesnvely. Each of thapi*- 
tona ia furnished with a valva by which rhe air escapes aa (he pislon dewjend^ 
and there are other TaWes D D, at the holloni of each barrel, which become 
dosed by «ther piston in ite descent, but when i( is drawn up, openapaaasge 
into the tube E E, communicating with the carity of Iha giaaa bell F, called 
■ recKTer. From the tube E passes otT another lube B, the extremity of 
which opens into the bell-shaped tube K, within which is a small basin B, 
containing mercury, and the small tube I, closed at the upper end only, has 
ita lower end plunged bensatb the aurlace of the mercury. At L is a stop- 
G0<^, which when closed cuts off the communicatioii between the receiver 
and the syringea, end which must therefore be opened while ibe tnachme >• 
put in action. Another etop-cock, not shown in tlie figure, closaa • Msaage 
thrangh which the eilerDaialr may be admitted under the recdver, vihsalbe 
result of an eiporiment has ' 
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CIjXVI. The elastic force of air is shown in the follow- 
ing experiment ; — 

Experiment 1. Pl»ca under the raceivet of an air-pomp a bledder, which 
hu been about half filled with air and firmly tied at tlic neck bo as to pre- 
Tent il from escapingi on eihuaBting the receiver gradually, the bladder 
will be seen to swell, tram the eipaasion of ihe air within it i and if the ex- 
haitslion be continued long enougb, the blndder will buret, from the elastic 
force of the air it contain^ aft longer counterbalanced by pressure on the 
exlernal aurface. 

S. A suuare or flat gtoia viat, filled with air, well corked and bislened. with 
wire, if placed under the receiver, will crack fiom the elpanaion of the aii 
within it ; as soon as the pressure is wilhdrawti from ilti surface by Ihs ei- 
bauadon of thu receiver. A vial of the usual abape would reKsl force ap- 
plied inlernslly or externally, much better thati one with flat sides, in conse- 
Sence of its arched figure; hence the globular or hemiephelical shape of 
B receiver, renders it beet adapted for its purpose, 

3. Shrivelled apples, prunes, or raisiaa, with their skins unbroken, when 
placed under a receiver, on the air being ef hausted, will become plump from 
the elasticity of thS air intluded in ihoae fruits ; and thiia a buncli of dried 
taiaina may be made to assume the nppearance of a fine duslet of grapes, 
and a similar apparent Teaovsiion may he effected on the apples and prunes ; 
but on readmitting the air into the recover the fiuiu would all resume the 
wiinkles which betray their age. 
Fig. 102. 

"■ ' If a largo glass globe with an open mouth have a piece of 
ler tied over it, so securely that the air within it cannot es- 
enpe wliile llie bladder remaina whole, and it be set under a re- 
ceiver, ivliile the air isbeine withdrawn fro m it, that withit) the 
I globe will expand by its elasiic force, and raise the bladder to ■ 
~nvex shape, distending it more and more as the eihattstion in- 
.. 'Esea, till ni length the bladder will be raptured, and the aiiin 
I the glebe wd( expand itself through the receiver. 

6. A very niiiuaing eihibition of ihe effect produced by the elaa- 
ticily of the eit ma^ be made by means of llie apparatus repre- 
I senlod in the margin. Hollow glass figures, about an inch and 
J a half in length, resembling men or women, itiusl be procursd, 
I each having a hole in one foot, and the glass must be of aueh 
] thickness tliat (he figures will float near the surface of water 
' -'-. they are filled with common air. They ate then to be im- 
:d ui a tail glass jar nearly filled with water, and covered on 
ip with a strong oladder, fastened air-tight. If the bladder 
be pressed inwards with the finger, the water being almoat 
iprcBsilile, and Ibe air quite the reverse, that contained in 
'ill yield til (he compressing force, and becoming contracled, 
ind tbti images thus becoming specifically heavier than tbey 
. . .. di'Bcpnd towarda ihe bottom of (he jar ; on the preamro 
ahoTS hang removed, tha air in each image recovering its elastic force, will 
ezpd the wa(ar, and ths images will rise as before. By forcing a litde 

Howls ihe elasUclly of Ihe air proved by Ihe eiperiment of the Htcctd bladdsrl 
What will occur when slhin Hal or cqiure vial is placed undenrcceiicr, and (ha 

rarilv restored (o a plump eppeuuicel EiplKinths npcriment of Ihe gloMt gSt 
andiliulder. Describe the pneumatic toy callad the bolils of imps, lo whu mm. 
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water mto one or two of the figures before they are placed in the jar, thej 
may e^ily be made to float at difiaent heights ; and thus their motions 
may be greatly varied, by regulating the pressure on the bladder. These 
little images are called the bottle of imps. 

6. The effect of an- acting by its elastic force on the surface of water may 
be variously exhibited in the formation of Ids dPeaUj or spouting fountains. 
Let a strong decanter be filled to about nidf its height with water, and • 
glass tube of small bore be passed into it nearly to the bottom, and fixed 
air-tight, going through a hole drilled in a cork, with a piece of bladder tied 
over It, and round the tube. This bottle is then to b« placed under a tall re- 
ceiver, on the plate of an air-pump ; and on the receiver being exhaus|ed, 
the anr within the boitle will expand, and pressing on the surface of the 
water, cause it to isroe from the top or the tube in a jet, the height of which 
VTill be proportioned to the degree of rarefaction of the air under the receiver. 
Fig. 103. 7. Compressed air may be made to produce a simi- 

lar efiect, which may be thus displayed : a strong bot- 
tle somewhat more than half filled with water, as re- 
presented in the marginal figure, by the line D E, must 
have a tube A C fitting into its neck, and capable of 
being opened or closed at pleasure, by turning tne stop- 
cock B. A condensing syringe being adapted to the 
tube at A, and the stop-cock opened, aur is to be forced 
into the bottle, which rising through the water, will 
I ■ by its density press strongly on the surface of that 
liquid ; then after turning the stop-cock the syringe is 
to be removed, and a small jet-pipe being fitted to the 
tube A, the stop-cock is to be opened, and the elasticity 
of the condensed air in the bottle will drive up the 
licjuid in a jet, the height of which will gradually di- 
mmish, as the included air, by its expansion, ap- 
proaches nearer and nearer to the density of the external air. 

8. A small vial with a well-fitted cork, having a little tube or a stem of a 
tobacco-pipe passed through it and reaching neariy to the bottom of the 
vial, partly filled with water, will on blowing strongly into the bottle through 
the pipe, exhibit efiects precisely analogous to those of the apparatus jost 
described. 

9. Pierce a hole in the small end of an es:g, and with this part downward 
place the egg under the receiver of the air-pnmn, and exhaust— the expansion 
of the bubble of air contained m the large ena will force the contents firom 
the shell. 

10. A common experiment among boys is made on the 'same principle. 
Take a piece of thick spongy sole-learner, cut it into a circular form, and 
through the centre pass a string ; wet it thorouflfhly, and place it flat on a 
smooui surface; then try to pulnt np in a perpendicular direction. A vacuum ii 
formed in the centre, wnile the edges are pressed down by the weight of the 
atmosphere. In this way a smooth stone of many pounds weight may be 
lifted. 

The foot of the common house-fly is formed in the same manner 5iriiidi 
enables it to walk with ease imon the walls and ceilings of our rooma. 

11. The elastic force as well aa the compressibility of air is illustrated in 
the following experiment : — 




Xxplain the cmstrnctlon of the Jet dfeau. Ham Is the Ibrce of ^r appSad In the 
compressed air foontain 1 Explain the ezpenment with the egi. What is the 
perimem with the spongy leather 1 
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an This bent tube a 6 e d; off. 104| k cfpm at bo^ enos. 1 

have poured mercury into the tube eo as to rise in both adet 
of the tube c and b ; the part from c d^ ia fiilt of air at the 
common density ; I atop up d; so as to make it air-tight, and 
pour mercury into a so that the column of mercury ab, shall be 
d equal in len^ to the height at which it stands in the barom- 
eter at the tune. The air m the shorter leg will now be com- 
prised by the weight of the atmospho-e, and also with an 
additional eoual weight of a column of mercury; and the 
mercury in the shorter leg will be risen to e, and c ^ is only 
the half of d c; that ia^ the pressure of a double atmospnere oompreases 
the air to half the space which it naturally occupies. If another equal 
column of mercury, were added to the length a 6, the air in d e^ would be re* 
duced into one fourth the space that it £Drmeny occupied. 

12. Set a cup of water in tbe exhausted receiver of an air-pump, and when 
the air is nearly exhausted from the receiver, the water wiU. have all the ap- 
pearance of boiling, in conaequencie of the expansion of the air and ita 
riaing out of the water. 

* ^ 13. Beer a little warmed, will from the aame cause, whilst the internal air 
is being exhausted, have the appearance of boilinff. — ^Thus it may be ahown 
that ah: is contained in water, animals and vegetiwles. 

14. To a cylindrical piece of wood, fieisten a small piece of lead, so as to 
make it specifically heavier than water, and place it in a vessel of watei 
imder a receiver ; upon exhausting the air the wood will swim ; some particles 
of air escaping from the wood and thereby diminishing its specific gravity. 

CLXVII. The air presses upon the surface of the earth, 
and upon all other bodies about it with a force of about 
14 1-2 pounds on every square inch of surface. 

pbservdtum 1. A man of ordinary stature will hence be loaded with m 
weight of about forty thousand pounds : we do not feel inconvenienced firom H 
for a reason before stated, namely the fluids within the body press outward 
and counteract the pressure of the atmosphere. A fish in the deq> aea sus- 
tains a still greater pressure without inconvenience. 

2. The pressure of the air on the body is strikingly proved by partially 
removing it. Let one of the fingers for example, be pushed to the bottom 
of a thimble and vnthdrawn ao as to expel all the air and to readmit little 
or none, when it will be found to press on the tip of the finger, so aa to be 
even painful. In the surgicatcmeration of cupping, the air is driven out from 
under the cupping-glass bv^e name of a q>irit-of-wine-lamp, and every body 
who has experienced the operation must recollect well the painful pressure 
of the fflass forced on the skin by the surrounding air. 

3. The most celebrated expenments of this kmd were made by Oalfleo^ 
Torrioelli, Pascal, and Otto Guericke. Galileo discovered that a pump 
woiU not draw water at a greater depth than about thirty-two feet— the 
all^BHi liimt of Nature's aborrenoe of a vacuity, to which it waa in these 
days absurdly ascribed, instead of the true cauuM^ the pressure of the air. 

What experiment with the bent glum tube 1 What experiment with a eop of 
watprl What experiment with beerl What experiment with a cylinder of wood^ 
dJCVn. What is the amount of the preaaaxe of the air 1 Whatpreaaore doea all 
ordinary roan austain Y Whatremarka on the thimble and cuppmc-glaasl VVhU 
celebrated experiments are referred to t 




PKBinuTics. 97 

TorriedlPs ingenioas substitution of quicksilver for water in the experiment, 
led to the invention of an instrument called the Barometer^ for estimating 
'die atmospheric pressure, and Pascal verified the correctness of the ezpiana* 
tion by performing the experiment on the lofty summit of the Puv de Dome 
in'Auvereiie, where of course the air was found to press lighter than in the 
▼alley b^ow. Even now, this very experiment is daily made for ascertain- 
mx the heights of accessible mountams, as well as for indicating changes 
oithe weather. 

4. A more exact estimate of the weight of the atmosphere 
may be formed by attending to the result of an experiment to 
show its effect on the surface of two hollow hemispheres, irom 
which the air has been extracted by means of an air-pump or 
exhausting syringe. These hemispheres, constructed of brass, 
should be furnished with handles, or hooks, by means of 
which they mav be suspended ; one of which may be fixed, but 
the other should be movable. In the tubular neck to which 
this handle is screwed is a stop-cock, which being opened, and 
the handle removed, the hemisphere is to be screwed on the 
pump-plate, or on to an exhausting syringe; and the other 
hemisphere having been fitted to it, a vacuum is to be formed 
in the interior by working the pump. The stop-cock must then 
be turned so as to prevent the re-entrance of air, and on un- 
screwing the brass globe, and refixing the handle, it will be 
found that the hemispheres composing it are firmly united by the pressure 
of the external air. Suppose the diameter of the globe to be six inches, the 
surface of a section through the centre would be about twenty-eight inches 
square ; and hence the pressure of the air upon one square inch being known, 
the force requisite to separate the hemispheres, supposing the exhaustion to 
be nearly complete, might easilv be computed. 

5. This is usually termed the Ma^deburf experiment, it having been origin- 
ally contrived by Otto Guericke, of Magdeburg, the inventor of the air-pump ; 
ana it appears to have led him to that important discovery. For the man- 
ner in which he originally conducted the experiment was by filling the space 
included between the hemispheres, when pressed together, with water to ex- 
pel the ah*, and then pumping out the water, while the air was prevented 
from re-entering by turning a stop-cock. Having thus ascertained the fact 
of the existence of atmospbcric pressure to a great degree, he proceeded to 
the invention of the air-pumpy bv means of which the exhaustion of the 
joined hemispheres could be much more readily and conveniently effected 
than by the operose process he had at first adopted. This ingenious 
philosopher operated with two copper hemispheres, nearly a Magdeburg ell 
m diameter ; and the amount of pressure on such an extent of surface' was 
so great, that when the interior cavity had been exhausted, the separation 
of tne hemispheres could not be efiected by the strength of twenty-four 
horses, twelve being harnessed together on each side, and dragging in oppo* 
site directions. 

CLXVIII. If a glass tube thirty-one inches long hftTing 
one end closed, be filled with quicksilver, and have its 
open end immersed in a basin of the same liquid, the 
quicksilver will sink down to about 28 or. 29 inches in 



What is the Barometer 1 Describe the illastrattons 4 andfi. 
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Ao cloaed end of the tube, leaving an empty space <rf twa 
OE three iachei whidi ep&ce a called a vacuum and the 
ins^ment is called a barometer. 

Mwfrotum. 1. In liie wood-sot below m Tapntaafied ibe giperiniBt •toi*' 
■HDtionedt ibe liriit huld tube A. B, i> tab* filled with qiuckabar and ■•■ 
TOtedin the Tcsad C D, when the liquid sinks down * few inoiMi to Bt 
AtohcigtU tl wbich the fluid atand* will TU7 with lh« aula of the weadMT, 
tat diu* bacames an indication of changea m the weathcc, and aa tlie pfM' 
•nnof tha atnKHlibera on the aoibca of the liquid F, aupnni the eoTniTin 
and kaiyi it up neu ^ it ia ihuwn that the weight of tba Umoiviian ia 
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.^kfrfUtat 1 Oh of the moM conunon of thaaa Inatnnnenta to daaw*- 
flitfV^ Blade with a (laaa tube haTing a lannd hollow ball at ta|i, and a 
MM at Iha bottom; thM end of tba tube bains left (wen. Tlks Inha m HIad 
' «D^nl«^, oanfoU]' fi«ed ftom inr, and into tba ( 
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a weight attached, paaamg orei 
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I, indieating diangea of wealhcc. 
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CLXIX, The use of the barometer is somewhat limit- 
ed ; and it is difficult to give any accurate rules as to the 
indications of the instrument : the following have been 
taken from the Library of Usefiil Knowledge : — 

1. Generally, the rising of the mercury indicates the 
approach of fair weather j the falling of it that of foul 
weather, 

2. tn hot weather tbe fall indicates thunder. 

3. In winter the rise indicates froat, and in frost tbe £lH 
indicates thaw, and the lise, snow. ^, 

4. If fair or foul weadier immediateltf follows diraM 
or faD. little of it is to be expected. 

5. If fair or foul weather continue for some days, while 

DMcritw iha Uhul »arHMt*r. CUaZ. WhU ia hU or 
■ifMt tb* (STenl rnlai ' " * 
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the mercury is falling or rising, a continuance of the con- 
trary weather will probably ensue. 

6. An unsettled state oi the mercury indicates change- 
able weather. 

By these rules it will be seen that the words engraved 
on tne plate are frequently calculated to mislead the ob- 
server. Thus, if the mercury be at much rain and rise 
to changeable, fair weather is to be looked fq|r. Again, if 
it be at set fair, and fall to changeable, foul weather may 
be expected. 

CLXX. The altitude of the barometer varies from 28 
to 31 inches, but it is rarely below 28 1-2 or above 30 1-2. 

CLXXI. As all parts of the atmosphere press upon each 
other, the air near the surface of the earth, is denser than 
that at some height above it. 

Observation 1. It is computed that the air at seven miles high is ov» 
quarter as dense as it is at the surfiBU^; at 14 miles one sixteenth; at 21 
miles one sixty-fourth, &c. 

2. On this principle the heights of mountains are calculated by means of 
the barometer, but so many corrections are necessary that the results are to 
be considered as only approximations to the truth. 

CLXXII. The elastic force of air is finely illustrated in 
the instrument denominated the air-gun ; which consists 
of a barrel like that of a common ^un, and a hollow me- 
tallic ball near the breech, into which is condensed by 
means of a forcing-pump a large quantity of air. This 
air being discharged in small quantities at a time, into the 
breech behind the ball, forces it forward with great velo- 
city. 

Observation 1. It is somewhat remarkable that this instrument should 
have been in use before the discovery of the air-pump or barometer. It ap- 
pears to have been known «a the time of Louis XIII. of France. 

2. From what has been alifeady stated on the density and elasticity of air, 
it lnj^ follow that all bodies on the surface of the earth sustain a pressuie 
fioClLthe superincumbent atmosphere equal to the weight of a column of 
wctoiv about 34 feet in hdeht, with a base corresponding in extent to that of 
tiie body or bodies pressed upon. This pressure may be estimated at from 
14 to 15 pounds on every square inch of surface, bemg the weight of a ool- 

^■' ■■- ■■ ■■ ■■■■ ■ IMIP ■■■■■■■! I ■■■,,, , , ii», ^m^ 

CLXX. What is the altitude of the barometer 1 CLXXI. Where is the air dens 
etti What is the rate of dimination of the density of the air as we ascend? What 
Is said of calculating the heights of mountains 1 CLXXII. Describe the air-ffoiLi 
What is said of the history of the air-g on 1 What weight do bodies on the •nrnca 
of the earth sustain 1 
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mm of mereury 30 inches high, uid 1 inch sqaare at the base; hence a 
column of water 34 feet hish, a column of quicksilver 30 inches, and a ool- 
mnn of air 45 miles high, wul each weigh the same, that is, about 15 pounds. 

3. Some idea of the weight of the whole atmosphercu encompassing the 
earth on every side, may be fMrmed from a oakulation which has been made 
to determine what must be the diameter of a sphere of lead, the weig;ht of 
which would be equal to Ibat of the eatisB atmosphere; ana from which it 
appears that the i^>here nrost have a diameter iiMily 60 miles in length ; 
which would correspond in weight with a mass of water aufficient to cover 
die whole soiftoa of the earth to the height of 34 iset 

CLXXIII. A.«ro8tatics, or the art of navigatinff the 
atmosphere, depends on the specific gravity of dinerent 
gases or of the same gas at dinerent temperatures. 

CLXXIV. The common, or air-balloon ascends by be- 
ing filled with a gas or air lighter than the same biilk of 
atmosphere. 

CLXXV. Balloons arc of two kinds — one, filled with 
common air rarefied by heat, and thus made Ughter than 
the surrounding air : the other is filled with hydrogen, a 
gas nearly fifteen times lighter tlian air; the lattqr is the 
otSy one in general use. 

ObMervaiion 1. The balloon was mvented by Montgolfier a French paper 
manufocturer, in 1782-3, who first filled a paper bag with heated air and let 
it pass up through the chimney ; afterward the balloons were made of var- 
nwhed silk with the mouth open, and directed downward and a light wire 
crate, filled with combustibles lighted and suspended at a little distance be- 
low. The air within the balloon rarefied by the heat becomes much li|[titer 
than the same bulk without, and causes the baUbon to aaoeiMl with (insider- 
able velocity ; tuehMloons are frequently oenstmeted at the present day by 
boys. 

2. Balloons filled with hydrogen are fineqneatly sent i^ of a sidlcient aixe 
to carry op two or three persons at a time. An ascension was niad& from 
Paris in 1804 to the haght of twentv-thiee thousand feet, the C^atealJlJl^t 
to which man has yet penetrated by means of balloons. The t 
wood- cut illustrates the form and general appearance cdT modem 
with the manner of suqiending the oar, 4kc» 
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What is the eompnted weight of the whole atmosphere 1 CLXXHL I>efine Aeio* 
statics. CLXXIV. Describe the principte of the hafl^on. OUpCV. What the tdnda 
of baUor)n8inase1 Whatisthaobservatieaoothehisiovy of biUoQiMi Hs>criha 
observatioa !& 




CLXXVI. One of the most interesting of the school- 
amusements is the exercise of the paper-kite. 
Pig- 109. 




BhttraUon 1. It wu by DiWDS of this machine aayt Prof. Johnaoa of 
Phiiadelplua, thai Dr. Franklio demonstnled the idenut]' of lighlning wMi 
die electric fluid. The paper-kite has b«n emplorec! to convey R line (o llie 
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■hore from a vessel wrecked on a rodky ooast ; and a few years ago, a Mr. 
Poeock, of London, made repeated experiments, by means of which he as- 
certained the possibility of trsTelling in a carria^ drawn by twopaper-kites, 
supported at a moderate elevation, and impelled oy the wind. The elevation 
of tne paper-kite in the usual manner, with a line attached to a loop on the 
under side of the machine^ is satisflictorily elucidated by Dr. Paris, who has 
shovm that the ascent of the kite afibrds an example of the composition of 
forces, the mode of action of which is exhibited in fig. 109, on page 102. 

2. The kite is here represented rising from the ground, the line W denoting 
the direction and force of the wind, which falline on an oblique surfiioe^ will 
be re8ol\*ed into two forces, namely, one parallel with it, and aJbiother per- 
pendicolar to that surface, and the latter only, represented by Uie line Y, 
will produce an eflfect, impelling the kite in the direction O A ; and the ten- 
sion of the string at the same time, in the direction P T S, will cause the 
machine to ascend in the diagonal O B of the parallelogram O A B T. The as- 
cent of the paper-kite not only depends, as- may be thus perceived, on the 
same principles as those which govern the movement of bodies on inclined 
planes; but it may be also be fairly afiirmed that the path of the kite in 
^v lismg is an actual mcUned plane, up which it is drawn, by the tension and 
weight of the string. 

A well-constructed kite may be made to ascend when there is little or no 
v^d stirring; for, by running with it held by the string and inchned obUquo- 
ly, the air on its infiaior surface will be compressed, just as it would be by 
running witli an expanded umbrella against tne wind, and by letting out this 
string at the same time the kite is drawn up an inclined plane, formed by 
the compression of the air immediately below it. 



ACOUSTICS. 

CLXXVXI. Acoustics is the science which treats of 
the nature, phenomena, and laws of sound. It includes 
the theory of musical concord and harmony, and is, there- 
fore, a veduable and interesting science. 

CLXXVIII. Sound is the vibrating or tremulous mo- 
tions of a sonorous body, communicated through the air 
to the drum of the ear, and thence to the brain. 

CoroUary. Hence every body while soundinjg must be in a state (XT vibra- 
tion, which vibration is communicated to the air and propagated by it 

Observation 1. I^ when a piece of artiHoy is fired at a distance, some dust 
floating in the air, or a cobweb be closely uniected, it will be seen to be agi- 
tated at the instant when the report is heardT This proves that the vibntkms 
of the air travel with the same velocity that sound does, and that it is bj 
means of these vibrations striking on tne ear-drum that sounds are conveyed. 



On what principle is the ascent of the kite explahied ) CLXXVn. What is Acog» 
ticsl Whatis sound? What is the corollary T Whatistheflntobserratloat 
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t. Each wibrati— of Ae flouidiag body is in tnra propagated to th« parti- 
eles of air Beaieat lo it and tbenoe to the more distant unm it reaches thoas 
putiolBa in contact witn the dram or tynipanumof the ear, a fine membEane 
tietei ied across the ear, and these particuis in performing their vibratkms 
strike the tympanum, and this agitates the air in the cavity behind it, which 
commimiealieB ttie moTement to a chain of four small bone& and these 
again oommnnicate k to the auditory or hearine nerve^ by which it is con- 
yeyed to the brain, Hid there excites in us the idea of sound. 

CLXXIX. The principal causes of the yariety of Bovndsy 
are: — 

First, the greater or less frequency of the vibratioii. 

Secondly, The quantity or force of the vibrating mate- 
rials. And,' 

Thirdly, The greater or less simplicity, of the sounds. 

Hence arise the height, the strength, and the modifi- 
cation of sounds. 

Observation, When sounds are equally acute, they are said to have tha 
same pitch ; but when they differ in acuteness, that sound which is shriUflr 
is said to be acute, or have a higher pitch ; and that which is less shrill, is 
said to be graver, or to have a lower pitch, or a deeper tone. A difiereiiee 
in pitch, forms the chief character by which musical sounds are distinguiahed 
fix)m each other, and is the foundation of their use in music 

CLXXX. The vibrations of a sounding body continue 
for a longer or shorter time, according as the bo^^iB 
more or less elastic, or as it is thicker or thinner. • 

Fig. 1 10. Example. When a string of uniform shape and 

^ quaUty, is stretched between two steady pinay 

and fi»Bd to thiem, as a 6, fig. 110; if it bedmwn 
out of its natural or quiescent position ah, inlo 
the station acb, and then be let go, it wiUtn oon* 
^*«.:::-' sequence of its elasticity, not omy come baui^ to 

^ its position a &, but it will go beyond it to dw 

situation oi adb,OT nearly as &r Crom a &, as a c &, was on the other side. 
All the motion one way, is called one vibration ; after this, the string wiQ go 
again nearly as fiir as <^ making a second vibration { then nearly as fiir as 
d; makine a third vibration, and so on; diminishing the extent of its vibra- 
tions graaually, until it settles again in its original portion a b. 

Observation 1. During the whole of these vibrations, the string wfll Iblrci- 
bly act on the ahr, and produce oorreeponding vibrations in it, wmch, leadi- 
ing and entering the ear, prodnce on the nerves therein, the aansQ of 
•oomL ^ 

2. The following experiment ndicates m curious accordanee of vibfaiioi^ 
and proves that the air reacts in the exact law of die original 




What the second observatioDi CLXXIX. What causes the variety of aoomtaV 
OLXXX. On what does the coatkraaace of the vibiations dftpwMJ tor a kNicer or 
ahortsrifaiMl flow Baagr tUs bs tUustmledf ^ 
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Fig. 111. Bxp§rkmmtL IMride a ■tring M a d; fig. Ill, mto 

a h e ^ thiw equal parts, a 6, 6 c^c 4 by placing dots ate and 

* t I 1 6; place abrkigelikeaTiolmbiidge^ at6, alaoplaoe 

light bodiesi such as small bits of paper, at c^ and 
other places of die part &dL Thendrawa Tiolinbowover thepart a&; wa 
shall find that all the bits of paper will be thrown off from the part & d^ ex- 
cjepting the one ate; showing mat the point e remains at rest, whilst the 
remaiiulCT of the stnng is yibrating^ just as though c aJao had a stop, as at b. 

CLXXXI. Sounds in general are conveyed to the ear 
by means of the air ; but water is also a good conductor 
of sound ; as are timber and flannel. 

Experiment 1. A bell rung, under water, returns a tone as distinct as if 
rung m air. 

2. If we stop one ear with a finger, and the other by pressins it close to a 
long stick or piece of deal board, and a watch be held at the other end of the 
wood, the ticking will be heard, be the stick or board ever so lone. 

3. If we tie a poker or any piece of metal to the middle of a stnp of 
flannel, about two or three feet long, and then press with the thumbs or fin- 
gers the ends of the flannel in the ears, while we swine the poker against an 
oon or steel fender, we shall hear a sound like that of a very heavy church 
bdL 

4. If two persons stop their ears,, they may converse with each other, by 
holding the two ends of a stick between thdr teeth, or, only resting the ends 
of the stick against their teeth. The same may be done by a series of sticks, 
with the ends touching each other. The same eflect is also producMsd if the 
end of the stick rest on the throat, or breast, or if one end of it touch a vessel 
into which the other speaks. In tne last instance the sound is most distinct 
IMd vessel is capable of a tremulous motion, as one of glass, bell-metal, or 
flnner* - 

Bonnd may also be conveyed from one person to another by a string 
stretched between their teeth. 

CLXXXII. Sound moves at the rate of 1142 feet in a 
second, or about thirteen miles in a minute.* This is the 
case with all kinds of sounds, when conveyed by means of 
air : the softest whisper flies as fast as the loudest thunder. 

* The velocity of sound, as here stated, is in accordance with the detenninatioo 
given by Dr. Derliam. who is considered as having marie the greatest number of ac* 
curate and diversifiea experiments. There is considerable difference obserrable in 
Uie results obtained by different philosophers. Cassini and the other French Acade- 
micians, estimated the velo6ity of sound at 1107 feet per second; the members of « 
the Florentine Academy, at 1148 ; those of the Royal Academy of Sciences, UTS Pa 
rMan feet; Gassendus computed it at 1473; Mersenne, at 1474 ; Duhamel, at 1338; 
Newton, at 968 ; according to some very aceiirate experiments, 1130 ; and Derham, 
at 11^ which corresponds with Flamstead hkI Dr. HaUev's determinaUon. The 
Board of Longitude renewed the experimentr^i thn month of June, a year or two 
•faice with all poraible precision, when it was found that the velocity of sound ta llie 
aU*, at the temperature of 56^ Fahr. differs very bttle from 1044 feet per second. 

CLXXXI. What other substances, besides ^r, convey the vibratory motion of sono* 
rous bodies'! What illustrations are given of the powei of liquids and solids to con* 
duet sounds) CLXXXIL What is Uie estimated velocity of sounda throi^ toe 
■iri 
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Obterwdim, The velocity of Mvnd hu been applied to Ae meuurameiit 
of distences. 

1. A ship at sea in dietresa fires a gun, the light of which is seen on ■hqre 
20 seconds before the report is heard, therefore it is known to be at the dis- 
tance of 20 timeeil42 feet, or little more than 4| miles. 

2. I see a yivid flash of lightning, and if in three seconds I hear a treme n Ams 
dap of thunder, 1 instantly know that the thunder-cloud is only two thirds 
of a mile distant, I should therefore retire instantly from any expoee d situa- 
tion. 

3. The pulse of a healthy person beats about serenty-siz times in a 
minute ; i^ therefore, between the flash of lightning and the thunder, I can 
feel 1 2 3 4, dbc. beats of my pulse, I know the cloud is 900, 1800, 2700^ 
3600, feet from me. A still better method is by a watch having a second hand. 

CLXXXIII. Sounds are capable of being reflected by 
hard bodies, or plane surfaces ; and this reflection pro- 
duces what is called an Echo ; sound, like light, after it 
has been reflected from several places noay be collected 
into one point as a focus, where it will be more audible 
than in any other part ; and on this principle whispering 
galleries are constructed. 

ObsentUum. In the reflection of sound, as well as of light, die ani|^ of 
nflection is equal to the angle of incidence. By the same law, thenfon^ 
sound may be collected into a focus. 

Experiment 1. If the pulses of air conveying soond be SHfiBred to impinge 
on a concave surface, the reflected vibrations are converged into a fi>ciiSi 

2. The same effect is produced whenever a number of plane sorfiMsasssB 
80 situated that the reflected sounds meet, and cross each other at s osttain 
point. If the ear be placed at this point, the sound will be audible in pro- 
portion to the number of surfaces so placed. The fam(Mi8 whi^iering gslurf 
at St Paul's, London, is constructed on this piindple. 

CLXXXIV. Speaking-trumpets, and those which are 
made to assist the faculty of hearing in deaf persons, de« 
pend on the reflection of sound from the sjdes of the 
trumpet, and also by its being confined and prevented from 
spreading in every direction. 

Obfervaiion 1. A speaking trumpet, to have its full eliect, mnat be divectad 
in a line towards the nearer; the report of a gun or cannon m much louder 
when fired towards a person, then one placed m a contrary direction. 

2. The hupn&n voice is produced by the expulsion of air from the lauA 
and by the vibration excited in the air, by a very small membrane called ue 
gloUUt in its passage through- the tracKea or windpipe; and by the subtile 
modification of the mouth, tongoe^ and lips. 

To what practical purposes can we appi/ the nniform velocity of sound 1 CLXXXOL 
Wliat |9 said coneeminc t>»e reflection of cound 1 How is the MNind of an Echo |h»> 
duced 7 On what prindple are Whispering Ga^riea constructed 1 What is observed 
of plane and concave surfaces in conrer^nir soundintoafocus? CLXXXTV. Qp 
what principle are Speafdng-Trumpeta constructed 1 How is the huown vcriee |in^ 



9L Sin^g i« nofomied hj a very delicate mlargement or contractioii of 
the i^ottie, aidea likewise by the mouth and tongue for articulation. 

^ 4. hi stringed iastrumenta- the air is struck bv the strings and Ae vibra- 
Ikna of the urpssduceoomspending sounds in tne ear i but in pipes, th# air 
is forced against the sides by the breath, and its vibrations or tone»produced 
by the reaction of the sides. 

CLXXXV. An echo is the reflection of sound striking 
against a surface fitted for the purpose, as the side of a 
house, a brick-wall, hill, &;c^ and returning to the ear at 
distinct intervals of time. 

Ob^enxUion 1. If a person stand about 65 or 70 feet from such a mutice, 
and peipendicolar to it, and speak^ the sound will strike against the ymi and 
be reflected, so that he will hear it as it goes to the wall, and again qn its 
return. 

X If a. bell, situated in the same way be Btnck. and an observer stand 
between the bell and the reflecting surface^ he will hear the sound going to 
the wall, and again on its return. 

3. If the sound strike the wall obliquely, it will go oflT obliquely, so that a 
Demon who stands in a direct line between the beH and the wali, will not 
oear the echo. 

CLXXXYI. Concord is a succession of sounds that 
excite in the ear certain agreeable sensations. Sound is 
therefore tb^ subject matter of musical science. jSTizr- 
mony is the coincidence of two or more sounds, which by 
their imion afford to the mind pleasure a*nd deUght. 

(fburvation 1. Concord arises from the agreement of the vibrations of 
two aoDorooe bodies ; so that some of the vibrations of each strike unon the 
ear at the same instant 

Thus if the vibrations of two strings are performed in ecnial tinlcs, the 
•anie toneis produced by both, and they are said to be in Vnitoiu If the 
vibrations strike the ear at different times there is no unison. 

2. GoBoord is not confined to unison. Im this case no variety of tonet 
would be produced. It is the e^t of agreement between vibrationa. 

JBbuiraiUm, If the vibrations of one string are double those of another in 
the same time^ the second vibration of the one, will strike upon the ear at 
tho same instant with the first vibration of the other ; this makes the eoor- 
eoid of an octoM. 

CLXXXVII. Two strings of equal length, tension^ 
and thickness, by performing their Tibrations toother, will 
sound the same note, or be in unhon. Two pipes of the 

Whit psfts are ooneerned ia Aa flM>dii]atioii of the voice in ainclnff 1 How does 
ftit ptwliietioa of sooiid by pipes diiRnr from that bv atriogsl CLXXXV. What is «a 
JSUheT Boirisaneehoaceouiitsdlbrl What is observed eoocerniof the reflection 
ifaeMilMiil Bfht foUowteff the saoM lawsl (;XL3CXVI. What is Otneardi Freos 
, does coococd arise 1 How are harsh jarring sowadsec DUtcwJi pr odB S e d l 
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same length and diameter, will agree in the same manner. 
Large instruments and long strings produce grave or deep 
tones ; small instruments and short strings produce acute 
and high tones. 

Observation 1. In the case of the strings^ the air is stnick hj the body, 
and the sound is excited by the vibrations ; in that of the pipes the body 
is struck by the air, but as action and reaction are equal, the ^fect ia the 
same. 

2. Let a musical string of any leneth be divided into two equal parts by a 
bridge in the middle ; and the sound of each half is eight notes, or an oc- 
tive, higher than the tone of the whole string. 

Organ-pipes produce grave or acute tones in proportion to their length 
and size. It is the shortest string of a harpsichord or piano-forte which 
3aelds the highest notes. 

CLXXXVIII. Sounds may be conveyei to a much 

S eater distance through a continuous tube, than through 
e open air. 

Mustration. Pipes are used in hotels and in the parlours of our private 
dwdlings, running from one room to another to convey orders to the 
servants. 

Dr. Herschel employed a similar tube attached to his forty fiset telescc^ 
for communicating nis observations to an assistant who sat in a small house 
near the instrument; and thus under cover noted them down, and the par- 
ticular time at which they were made. 

ObservaHon 1. The tubes used to convey sounds are called AcoumUc 
tubes. 

2. One of the most ingenious deceptions of this kind was an ezhibitioD 
which took place at Paris several years since and afterward in London, ap- 
propriately styled the Invisible I^ady, since the apparatus was so contrived 
that the voice of a female at a distance was heara as if it originated from a 
hollow globe not more than a foot in diameter, suspended freely from wooden 
framework, by slender ribands. 

A perspective view of the machinery, and a plan of the globe and adjoin- 
ing parts as constructed by the inventor, M. Charles, are given on page 109. It 
consists of a wooden frame, much resembling a tent bedstead, formed bv 
four pillars A A A A, connected by upper cross-rails, B B, and similar raiui 
below, while it terminated above in four bent wires, C C, proceeding fiv>m 
the aneles of the frame, and meeting in a central point The hollow copper 
ball, M, with four trumpets, T T, issuing from it at right angles, hong in the 
centre of the frame, beinjg connected with the wires alone by four narrow 
ribands, D D. Any question or observation uttered in a low voice dose to 
the open mouth of one of the trumpets elicited a reply which might be heard 
from all of them, the sound being perfectly distinct, but weak, as if it was 
emitted by a very diminutive being. 

CLXXXVn. Under what circumstances will two st rtnga or two pipes be iai VtUton 7 
Bow is an Octave concord produced 1 CLXXXVIIL b what manner may Mmnda be 
eonveyed to a greater distance than through the open ahrl What is remartied een- 
eerningDr. Herschel's method of commmUealfatj Ids o b i ewa tkms to an anisttntt 
Describe the Invisible Lady. 
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3. The real speaker was a female concealed in an adjoining apartment, and 
the means by which her voice was made to issue from the globe in the man- 
ner stated, were at once very simple and ingenious. Two of the trumpet 
mouths, Ti, T2, as represented in the plain, were exactly opposite apertures 
leadine to tubes in two of the crose-rails, which meeting at the angle il, 
opened into another tube descending through the pillar, and which was con- 
tinued under the floor into an adjomm|f apartment, where a person sitting 
might hear what was whispered into either of the trumpets, and return an 
appropriate answer bv the same channel. This macninery differs from the 
common speaking- tuoes, previously noticed, merely in the addition of the 
hollow ball and trumpets, by means of which the voice is reflected from the 
cavity of the globe through the trumpets Ti, T , into the tube of communi- 
cation ; and thus the effect producea is rendered abundantly mysterious to 
those unacquainted with the principles of Acoustics. 



OPTICS. 

CLXXXTX. This science treats of the laws of light, 
and of vision. 

Observaiion. The term optics is derived from a Qreek word signifying 
to see^ and is often divided into three departments : Catoptrics, or reflected 
fight; DUfpiricB, or redacted light, and Ckromatics, or the phenomena of 
oSJours. 

CXC. Licht is that principle which through the organs 
of sidit, produces in us the sensation of vision, or in other 
words, renders objects visible. 



CLXXXIX. Define optics and the division of the sobject CXC. Define lighl^ and 
the theories of U. 
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CXCI. Two theories have been given to explain the 
phenomena of light. According to one, light consists of 
a great number of particles oi matter, emanating from 
luminous bodies in all directions, and that these particles 
are exceedingly small. According to the other, all space 
is filled with a fluid incomparably more rare than the air 
or any other fluid, and which is denominated a luminous 
ether y and that the undulating motion in this fluid produces 
in us the sensation of vision, as sound is transniitted 
through air, or waves over the surface of water. 

Observation. Both of these theories have had powerful advocates. New- 
ton and philosophers generally during his day, and until about the tfiiddle of 
the last century, advocated the theory of emanation ; since which time, the 
theory of undulation has been gradually gaining ground. M. Arraso, Sir 
John Hcrschel, and Sir David Brewster who are at the head of this depart- 
ment of philosophy, are advocates of the undulatory theory. Still, most of 
the facts may be explained by either ; some more rationally by the first, and 
others, by the second. 

We shall not advocate either theory in these pages, because either of them 
will account for all the phenomena of light 

CXCII. A Ray, or Pencil of Light, is any exceedingly 
small portion of light which comes from a luminous body. 
A Beam of light, is a body of parallel rays ; a Pencil of 
rays, is a body of diverging or converging rays. 

CXCIII. Any body which is transparent, or which 
affords a ready passage for light, is called a transparent 
medium, as air, glass, water, &c. Bodies wjiich do not 
allow the passage of light through them, are called opaque, 
as stone, wood, &c. Translucent, is where light is trans- 
mitted, but where objects cannot be distinctly seen, thus 
^ thin sheet of writing paper is translucent, but not trans- 
parent. 

CXCIV. Rays of light which, coming from a point, 
continually separating as they proceed, are called Diver- 
ging Rays. Rays which tend to a common point are called 
Converging Rays, When the lines in which they move 
are parallel, they are called Parallel Rays. 



What observations on these theories 1 CXCH. Desciibe a pencil of lif ht^ bea m of 
light, ami pencil of rays. CXCUL Wliat is a mecUiun, an opaqae body f OXfltV. 
Define diverging, conveTgin^ and parallel rays. 
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CXCV. The point from which diverging rays proceed, 
is ca]led the radiant point ; that to which converging ray H 
are directed, is called the/oct«. A ray of light, bent from 
a straight course in the same medium, is said to be in^ 
jlected ; when turned back on the surface of a body, it is 
said to be reflected ; and, when turned out of its course as in 
passing out of one medium into another, it is said to be 
refracted. 

CXCVI. Light moves in straight lines, in every direc- 
tion, from a luminous body, the rays or lines diverging in 
their passage, and forming what is called a pencil of light* 
as seen in the wood cut. 

Fig. 113. 




That light moyes in straight lines, may be shown by the following ezperir 
ments : — 

Experiment 1. Let a portion of a beam of light be intercepted by any body s 
the shadow of that body will be bounded by straight Unes passing £rom the 
luminous body, and meeting the lines which terminate the opaoue body. 

2. A ray of .lifht passing through a small ohfice into a dark room, pro- 
oeeds in a straight line. 

3. Rays will not pass through a bended tube. 

CXCVII. A similar eflFect may be produced by admit* 
ting into a darkened room, through a minute aperture in a 
Window-shutter, the light of the sun which would be per* 
ceived proceeding in a diverging bundle or pencil of rays ; 
and on presenting to it a flat board, a luminous image 
would be formed, increasing in diameter with the increasd 
«f distance from the aperture at which the plane was held^ 
and which, by variously inclining the plane, might be made 
to assume elliptical or other curved figures. 



GSCV. Define the radiant point, the focofk the rellecte<V inflected, and refhteted 
wy'-Cy CVL How does light mora— and what ajmarfaDents to prove the peiiiba^\ 
VtSPHL Whatejg^riniemniaybeprodiiMdinaQailuiMdiiwia'l 
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CXCVIII. Images of variously shaped bodies seen by 
light thus admitted through a small opening are always in 
a reversed position, in consequence of the obliquity or 
divergence of the rays of light. 

Fig. 114. 




Illustration. That this effect must take place will be readily perceived from 
the preceding figure, which shows that the rays in passing through the open- 
ing must cross each other, and thus rays coming from the superior parts of 
objects, impinge on the relatively inferior portion of the plane, and those 
from the higher parts strike on that portion of the plane, below the other 
rays ; the spectra or images produced must consequently be inverted. 

CXCIX. The rays or vibrations of light are progres- 
sive, and move with a velocity much greater than that of 
sound ; for the flash of a gun, fired at a considerable- dis- 
tance, is seen some time before the report is heard. The 
clap of thunder is not heard till some time after the light* 
ning has been seen. 

Observation I. If the transmission of light were instantaneous, it must be 
obvious that the reflected li^ht of the sun would take up no more time in 
passing from any one of the planetary bodies to the earth, when they are 
nrthest from us, than it does when they are nearest ; and as the situation (A 
the earth with respect to the other planets is different in different parts of 
her orbit, the satellites of Jupiter, on emerging from the shadow of diat 
planet, would be seen as quickly when the earth was in one part of her orbit 
as in another. But this is by no means the case ; and the effect of the tran»« 
mission of light is such, that when the earth is between Jupiter and the sun, 
the satellites, after being eclipsed, are perceived rather more than eight min- 
tttee sooner than they ought to appear according to the time as calculated 
by the most accurate tables; and when the earth is in the opposite part of 
her orbit,' so that the sun is between this planet and Jupiter, the sateUitoB 
emerge about eight minutes later than the calculated or mean time. 

In the annexed diagram, let S represent the sun, A and B the earth m 
different parts of her orbit, J, Jupiter, D, his nearest satellite entering: the 
shadow of that planet, and C, the same satellite, emerging from the shiSow. 



'''^vin. What is said of the reversed poettkm of imases? CXCIX. Diow is i| 
bat the motion of lii^ Is pr^iressive^ and not instantaneoual 
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Tf$, llfi. . Ndw the time of the commaiicement or terimnft- 

tion of an eclipse of the Mtellite, as stated from 
caleulation in tables, is the instant at which the 
satellite would appear to enter or em^ge firom 
the shadow, if it could be seen by an observer 
from the sun : and it is found frx)m repeated ob- 
serration, that the ecKpse takes place about 8 
minutes earlier than the calculated period, when 
the earth is m the nearest part of her orbit, as at 
A, and 8 minutes later when she is in the opposite 
part of her orbit, as at B. Hence it will he ap- 
parent that light takes up 8 minutes in passing 
through a space equal to naif the diameter of the 
earth^ orbit, or tne distance between the Mrth 
and the sun, which is nine-five millions of miles ; 
so that it moves at the rate of 95,000,000-1-8X60=: 
197,916 nearly 200,000 miles m one second. 

2. On account of the progressive motion of light, 
it is evident that if a luminous body were sudo^n- 
jy placed in the heavens, at the same distance, for 
instance, that the Sun is from us, we could not 
possibly see it before the lapse of about Bk minutes; 
and if the Sun Were suddenly annihilated, we 
should not discover the phenomenon, until about 
^ minutes had elapsed. Also, if any of the fixed stars were suddenly de^ 
itroyed, their appearance to us would be the same for about three years. 

AgauL when we perceive a celestial object, we do not see it exactly in the 
place where it acmally is ; but we see it in the place which corresponas to the 
ditfju^e of place b^ the Earth, during the progress of Hght from the body to 

CC. The particles of light must be exceedingly small, 
if they are partrcles ; or the force of the vibrations inu9l 
be very delicate ; otherwise their velocity would render 
their momentum loo great to be endured by the eye with- 
out pain. 

CCI. The quantities of light, received from a luminous 
body upon a given surface, are inversely as the squares of 
the distances of the surface from the luminous body. 

Mbuiraium 1. Thus, suppose a candle to be placed at the distance of 
one yard from the face of a dial or time-piece, the hffht thrown on it may be 
Mfunented by the number 1 ; if then it be removed back to two yards, the 
liht will be but i as much as before ; at 3 yards 1-9, at 4 yards 1-16, at 6 
jkdM 1-25, at 26 yards 1-625. 

2. This reduction of light, in proportion to the distance of the luminous 
body, is the necessary eflect of the divergence and consecraent dispersion of 
'^ '"' pencil ; and hence it may readily be conceived, than an incoa- 



y(hui reroarlc on Jupiter's satellites 1 What on the son andfixed stars, and what 
oatlie real and apparent place of heavenly bodies 1 CCI ifftbU fak the quantUif of 
Vllbt rweived on a luminous body 1 Oive iUostrations 1 and 2, 
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flideraUe Hglit can only be Tisble at a compmti^j triflaig diitanoe, and 
that its influence in rendering non-himinoua objects visible most be limited 
to a much shorter distance than the extreme point at whicn its light will be 
psroeptible. 

ecu. If rays proceed from a radiant point at an infinite 
distance, their divergency is so trifling, that they may be 
considered as parallel. 

ObaervaUon. Hence all the rays which could come from the centre, or any 
other given point, of the sun's sur&ce, are Gon8idN:ed as parallel at the im- 
mense distance of the earth. 



DIOPTRICS. 

CCIII. When rays of light pass obliquely out of one 
transparent medium into another, which is either more 
dense, or more rare, they are bent out of their former 
course, and they are then said to be refracted. 

CCIV. Rays of light are always refracted towards a 
perpendicular to the surface in entering a denser medium ; 
and this refraction is, more or less, in proportion as the 
rays fall more or less obliquely on the refracting surface. 

JDhutrcUion 1. Let e d^ fig. 116, represent a ihkk plate of glass: or a ves- 
ael of water, and a o, a ray of li^ht refracted at o. and entering the denser me> 
cfinm so that instead of continuine; in the direct line, it moves in the direction 
• n; but when it passes out of this medium into air at n, it is again bent 
ftway from the perpendicular to the medium and moTes in a direction par* 
•llal toao. 

Fig. 116. 




2. Refraction of water may be shown in another way : Prepare a black- 

CCIL What is said of rays from an iofiiiite distance 1 CCHL What are refracted 
lays 1 CCIV. What are the lawsl lUaatrate refraction by fig. U6f 
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ened Teasel and place it in such a.positioD that ths spectator in a giTen riaoa 
cannot see the bottom, now poor in a few globules of quiduilver or place a 
bn^t silver cow on the bottom, this will not be seen by the spectator bnt 
by fiUiDg the vessel with water, the metal on the bottom will be distinctly 
seen from the refracting^ power of the water. The truth of die remarks 
above, will be verified bv mspecting fig. 117, where the eye could not see the 
metal c, while the vessel was empty except by raising it to the posiibn & 
but on filling the vessel with water, the object by ruction, is rtused to a, 
where the rays proceeding fimn it reach the eye of the obsefver. Objecte 
seen obliquely in water appear elevated. 



Fig. 117. 




CCV. When light passes out of a denser into a rarer 
medium, it moves in a direction /ar^Aer/rom the perpen- 
dicular. 

JUustroHan I. It will be nereeived hj tracing the line indicating the ray of 
light proceeding from the shilling in ng. 117, ihat when it passes fix»m the 
water into the atmosphere, that it bends away from a line perpendicular to 
the surface of the water. 

2. Take a glass goblet half filled with water, and put a half dollar into it, 
and invert over it a small plate or saucer. The bystander will suppose that 
he sees two pieces, the one a half dollar, And the other a dollar— the first is 
seen by the rays refracted from lhe«urface of the water, and the second firom 
refraction through the side and through the rounded side of the gobleu 

3. Another example of refraction may be seen by puttine a staff obliquely 
in the water and observing that it will always appear as if bent at the surfrice 
of the liquid. In like manner, by observing the sandy bottoms of rivers^ 
objects on the bottom appear more elevated* than they really are^ from the 
refraction of the rays of light. 

4. Rays which pass perpendicularly fi:om one medium to another, sofler 
no refraction. 

CCVI. The Angle of Incidence, is that which is con- 
tained between the line described by the incident ray, and 
a line perpendicular to the surface on which the ray strikes, 

ninstrate it by the piece of money, fig. 117. CCV. Describe the laws of refrmeUoo. 
Give illustrations 1 and S. Deseribe refraction by the staff in water. Give the 
fiiurtb UluatratioQ. CGVL Describe the sngle of incidence. 
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tftined fr<ym ihe point of ihddett^. Thus in fig. 1 18, the 
angle B C K is the angle of incidence* 

CCVIL The Angle of Reflection^ is that which is coin 
tained between the line described by the reflected ray and 
a line drawn perpendicular to the reflecting surface at the 
point in which the ray passefs through that surface. Thndi 
m fig. 118, E C K is the angle of reflection. 




CCVIII. As the effect of any transparent medium, in 
the refraction of light, generally increases with increase of 
density, so air and vapours when dense display greater 
power of refraction than when comparatively rare ; and 
nence some curious and important phenomena depend on 
atmospheric refraction. 

Fig.ll& 




CCIX. Light, on entering the atmosphere of the earth, 
encounters a medium less rare than the more ethereal 
space beyond it, and as the lower portion of the atmo- 
sphere is relatively the densest, rays passing through the 
air from objects far above us must be considerably re- 

* — ----- — 

OCVn. Describe tlie angle of reflection. CCVm. What effect on refraethif pofwir 
hM the Increase of density 1 OCUC. What atmospheric phenomena depend oo tMi 
refiraotive influence 1 Explain by diafnm th« meet of refiraction on (ne tfip^ui^ 
place of the heavenly bodiea. 
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fracted. From this cause the sun and other celestial bodies 
are never seen in their true situations, unless they happen 
to be vertical ; and the nearer they are to the horizon, the 
greater will be the influence of refraction in altering the 
apparent place of any of those luminaries. 

Bhutration. Thus the spectator, in fig. 119, will see the sun at C, when it 
18 in reality at S, from the refraction of the atmosphere. 

CCX. Availing themselves of the principle of refrac 
Hon, philosophers have so contrived surfaces, that the per- 
pendiculars to them constantly vary, and produce new and 
important effects. This they have done by means of con- 
vex and concave glass lenses, so as to collect or disperse 
the rays of light which pass through them.* 

Observ'aium, Lenses are of various kinds, named according to their forms. 

Fig. 120. 




A Plano-convex lens has one side flat, and the other convex, as A. fig. 120. 
A Plano-concave is flat on one side, and concave on the other, as c, fig. 120. 
A Double-convex is convex on both sides, as C, fig. 120. 
A Doable-concave is concave on both sides, as D, tig. 120. 
A Meniscus is convex on one side^ and concave on tiie other, asE, fig[. 120. 
The Axis of a lens, is a line passmg through the centre ; thus, F G is the 
axis to all the five lenses. 

CCXI, If parallel rays fall upon a plano-convex lens, 
they will be so refracted |is to unite in a point behind, 
called the principal focus, or focus of parallel rays. 

Example. Thus the parallel rays a 6, fig. 121, foiling upon the Un9 ars 
refracted towards the p^pendiodar C x, and unite in a mcus at C. 

Pig. 121. 




* A Lens is a round piece of polished glass, whkh has both its aides spherical, or 
one spherical and the other plane. 

CCX. What is a Lens 7 What are the varions kinds of lenses ; and how are ther 
designated 1 What la the Asia of a lens 1 CCXI. If paiaUel rajs Mi open a flfaMO* 
•oMve* leoi^ what is tlM eflbet of their feftactioa 1 
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CCXII. The distance from the middle 
of the glass to the focus, is called the 
Focal Distance; which focal distance, 
in a plano-conyex lens, is equal to the 
diameter of the sphere of which the lens 
is a portion, fig. 121, and the focal distance of a double- 
convex lens is equal to the radius or half the diameter of a 
sphere of which the lens is a portion, fig. 122. All the 
parallel rays of the sun which pass through a convex glass 
as DE, are collected in its focus /, and the force of the 
heat at the focus is to the common heat of the sun, as the 
area of the glass is to the area of the focus. 

Illustration. If a lens four inches in diameter collect the sun's ra3r8 into a 
focus at the distance of twelve inches, the image will not be more than one- 
tenth of an inch in diameter; the surface of this little circle is 1600 times less 
than the surface of the lens, and consequently the heat will be 1600 times 
greater at the focus than at the lens. 

Corollary 1. Hence the construction of common burning-glasses, which 
are all douolo'Convex lenses. 

2. Hence the reason that furniture has been set on fire by leaving a globu- 
lar decanter of water incautiously exposed to the rays of the Sun, which 
acts as a double-convex lens. 

Observation. The burning-glass made by Parker for Dr. Priestly, was a 
double-convex lens of flint plass, three £eet in diameter, three inches thick in 
the middle, and weighing 212 pounds. Its focal distance was six feet eight 
inchesL and it produced a heat that melted fragments of iron in a moment It 
melted 20 grains of gold in ./our seconds — 20 grains of silver in three seconds— 
10 grains of platina in three seconds, and as much flint in thirty seconds. 

CCXIII. If another double-convex F G, fig. 122, be 
placed in the rays at the same distance from the focus, it 
will so refract the rays back again, that they will go out 
of it parallel to each other. 

Ulustratum. It is evident that all the rays, except the middle one, cross 
each other in the focus./^ (rf course the ray D A, which is uppermost m going 
in, is the lowest in going out, as O c. 

Experiment 1. If a candle be placed at/, the diverging rays between F€^ 
will, upon going out of the lens, become parallel at ac. 

2. If a candle be placed nearer the glass than the focus, the rays will di- 
verge, after going through the lens. 



CCXn. What is meant by FoceU Diatancel What is the rule for (letermining th« 

focal distance of a plano-convex lens ? How is the focal distance of a doubte-conves 

lens ascertained 7 What is the proportion between the degree of heat in the focus of 

a burning-glass, and the common heat of the Sun 1 What kind of lens is a common 

biiniinc-glass 1 How may some accidentabv fire be accounted for 1 What is — H 

>*e buming-glaas made by Ptrksr t OOXni. What efftct will anothet double- 

•z lens have, when plaMd tb the refracted rays at the same distance from IM 

I of the given lens 1 lUustrato proporicto n itXB, and explain the ejperiaeots. 



1 If tha caodla h» plaoad Uitber from tha gU» than the toaa, ihs ra^ 
will cmTcr^f, af ler paaang Ibrough the glass, asdmeetina point which will 
be tnareorle»adiaUiilAx>m ihegtau, as the candle ia nearer to, or lartbel 
from, its focus. 

4. When the raja meet, tbej will form an innrted image of the fUme of 

the candle. Suppose B, a candle, fig, 123, and C a convex lens, then on & 

dark screen, D, the image A of the candle will be produced, and will be !•■ 

Tcned, becaute tha ra;« cron each oibei in puaiag ihrough the Ima. 

Fig. 123. 




6. If an abject ABC, Ga- 124 be placed beyortd the focus P of the glaaa 
d >,/i aome of the raya which flow irom every poial of Iho object on the sida 
next the eIib}, will fnll upon it, and after jiaaalng through ii they will be 
contcr[red into na mBiiy poinla on the anpoaile aide of ihe elass, where the 
imaee of the whole will be formed, which will be inverted. Thus the ny» 
flowing from A, aa A rf, A e, A / will converge in the epnoe d ef, and by 
mwlini! in a will there form the imeiie of the point A ; and so of those laya 
flowlmt from B and C, and of courEe of all the in termed iats parts. 

6. If [he object A B C, be brought nearer lo ilie glaas, the picture a be 
will be removed to a Rreaier diwonne from it. 

T. T^epiclure will be aa much larger or l^aethan (he object, aa its diatanca 
fitnn the glaaa is greater or lesa than the distance of the object. 

CCXIV. Wlien parallel raya pass through a double 
concave lens, they will diverge after passitig through the 



CCXlV. When paiaUel im 



■s thntnib a daubk-umcan Isaa, what la ttMr d- 
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dass, as if they had come from a point in the centre of 
we concavity of the glass. 

Fig. 125. 

Bxample, If tbera3r8a&e,&c, &r. 12B,pa8s 
through A B, and C be the centre of concavity, 
then Uie ray a after pasainif the glass, will go 
on in the direction A: 2, as ii it hadcome firom e 
and no glass in the way ; the ray h will go on 
in the direction m n, and so on. 

CCXV. When parallel rays pass through a plano-con- 
cave lens, they diverge after passing through it, as if they 
had come from a point at the distance of a whole diameter 
of the glassy concavity. 

CCXVI. The following are the principal phenomena 
of rays in connexion with various lenses : — 

- Observation 1. Through a convex surface^ passing out of a rarer into a 
denser medium, parallel rays will become converging. 

Diverging rays^ will be made to diverge less, to become parallel, or to con- 
verge, accoraing to the degree of divergency before refraction, or of the con- 
vexity of the sulface. 

Converging rays, towards the centre of convexity, will sufier no refraction, 
because they will be perpendicular to the refracting surface. 

Converging rays, tending to a point beyond the centre of convexity, will 
be made more converging. 

Converging rays, towards a point nearer the surface than the centre of 
convexity, wul be made less converging by refraction. 

But when the rays proceed out of a denser into a rarer medhim, the reverse 
occurs in each case. 

2. When rays proceed out of a rarer into a denser medium, through a 
CONCAVE SURFACE, if parallel before refraction, they are made to diverge. 

If they are divergent, they are made to diverge more, to suffer no refrac- 
tion, or to diverge less, according as they proceed from some point beyond 
the centre, from the centre, or from some point between the centre and the 
surface. 

If they are convergent, they are either made less converging, parallel, or 
diverging, according to their oegree of convergency before rdraction : — 

And the reverse, in passing out of a denser into a rarer medium. 

Experiment. Most of the preceding propositions may be confirmed, in a 
room from which all external light is excluded, by placing a convex or concave 
lens, fixed in a frame which moves perpendicularly upon an oblong bar of 
wood, or table, at different distances from a lighted candle placed perpen- 
dicularly on the same bar of wood, and receiving the images upon white 
{)aper. Upon this bar of wood, on one side of a line over which the convex 
ens is placed, let a line, perpendicular to the last mentioned line, be divided 
into parts, 1, 2, 3, 4, &c., each equal to the distance of the focus of parallel 



CCXV. What is stated concerning paraHel rays passing through a plano-concave 
lens 1 CCXVI. V^at are the principal phenomena of rays in connexion wiUi various 
kinds of lenses 1 What experiment is explanatory of ttiese phenomena t 
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my*; ond on the oUmt side eC tiie lens, let a line be divided ki the lame 
manner, and let the first division, which is £Eurther from the lens than the 
focus, be sobdivided into parts respectiTeIv,,eaual to i, ^ &c.. of the distance 
of the locus of pamUel rays ; if a candle be placed over the oiviaion 2. it wUl 
form a distinct image on a paper held over the division i : if a candle be over 
3; the imaffe will be at i, &c., whence it hppeareL that the distanceeof the 
oorresponoBnt foci vary reciprocally } or, by holding a large double-conveK 
lens, or burning-glass, m the sun's rays, and receiving the image on white 
|>aper, or other subetanos at difiersat dustanoes. 

REFLECTION. 

CCXVII. Let a ray of light be admitted through a hole 
in the shutter a, of a dark room, so as to fall perpendicular- 
ly upon the inclined mirror, or looking-glass c d, it will 
be reflected back in the same track through which it pro- 
ceeded. 

Fig. 12a 

I 

Hi 




CCXVIII. If the incident ray a fall upon the miiror, 
in an oblique direction, as am, fig. 127, it will be reflecU 
cd in the oblique direction me; which last is called tha 
rejQected ray. 

Fig. 127 




OCXVn. IHostrate refleetiott. OCXVm. Dlasintt the incident ai^reieelsdiigr. 

11 
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CCXIX. The angle of incident is equal to the angte 
of reflection ; or in other words, the angle contained be- 
tween the incident ray, ^d a line drawn perpendicular to 
the mirror is equal to that contained between the reflect- 
ed ray, and the same perpendicular hne. 

BlustrcUUm. Let d c, fig. 128, be the incident ray, and a e the leflected 
ray ; let / c be the perpendicular line, b t the mirror : there it m^II be evi- 
dent from inspection that the angle dcf^\& equal to the angle fc a. 




CCXX. Mirrors are of three kinds, namely, plane^ 
convex, and concave. They are made of polished metal, 
or of glass covered on the hack with an amalgam of tin 
and quicksilver. 

CCXXI. The relative position of the image of an ob- 
ject as seen in a reflecting plane will be such that every 
part of the image will appear as far behind the plane as 
the object itself is before it. 

Fig. 129. 
A- 




CCXIX. Describe the law oo tbe anglei of incidence and of reflection, trsititt 
Biplain the relatiTe poaition of parta of an image formed by a reflecting pfauia. 




. ^ MSFLUepxm.^ 123 

Sltutration, Let A 6 represent a plant mirror, and E F any object, as an 
arrow ; then draw from the points E and F, the perpendiculars E G and 
F H to tlie surface oT the mirror, and prodpoe those lines 'to e and/, so that 
K G shall be equal to e G, and F H to/H, and «/ will be the position of the 
image which will be exactly equal to the object as the quadrilateral f^re 
G 6/H will be equal to the quadrangle G E F H. From inspection of this 
figure it will be perceived that the ravs of light proceeding from that part of 
tlie object nearest to the surface of tne mirror will be reflected so as to form 
the part of the image nearest to the plane of the mirror in the opposite direc- 
tion. Hence when trees or biiildings, or any other objects, are reflected 
from a horizontal planc^ as the surface of a pond, or a smooth stream of 
water, they will appear mverted ; for their lower parts being nearest to th« 
reflecting surface are seen immediately within it, while theur tops seen |0 
hang downward or to extend de^;>er beyond the surface. 

CCXXII. When a mirror, C, in the following figure, is 
inclined forward at an angle of 45 deg. an object A B, if 
placed in a vertical position, will form a horizontal image 
a b ; and if the positioii of the object be horizontal, that of 
the image will be inverted. 

Fig. 13a 




5^z 



h 



CC XXIII. A person standing before a plane mirror 
placed vertically opposite to him, will not perceive the 
image of his whole person, if the length of the mirror be 
less than half his height. But if the upper part of the 
mirror be inclined forward, more of the image will become 
visible, in proportion to the dimensions of the mirror, than 
when it is placed vertically ; and hence a person may view 
himself from head to foot in a looking-glass less than half 
liis length. 

CCXXIV. A number of images may be formed, and 
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that (he whole person may be seen by an eye immediately in front of i tt W hat ex> 
periient enables us to see the whole person in a miall mirrarl, CCXXIV. Whal 
eUtects proUaced by two mirrors 1 
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peculiar effects produced by means oT two mirrors, either 

inclined or parallel, and opposite to each other, for the 
image of an object which is delineated behind one mirror 
may thus serve as an object to be reflected from the sur- 
face of another mirror. 

Illustration. If any object asM N be placed between two plane mirrois 
inclined towards eacn other at an angle A C B several images will be per- 
ceivedf all situated in the circumference of the circle. This may be demon- 
•trated by drawing the image in its place behind each mirror, and consider- 
Htt etch image as forming an object in its turn, the image of which is also 
4tM drawn. Thus it wQl be perceived that the imn^e of M N in the mirror 
A C is m n, while its image in B C is M' "N' ; and m the same mann^ the 
imaffe formed by the reflection of the first image m n in 6 C will be M' N', 
white the image of M' N' in a C will be m' n'. It will further appear 
that m" n" is the image of both M" N" in the mirror h' C, and of to' n' 
ill the mirror a' C, one of the images covering the other, if the angle 
A C B be 60 degrees, or the sixth part of a circle as in the diagram ; but if 
Ihe angle be any greater or less, die image m" n' will be twofold : that is 
the two images wul not exactly coincide. On this principle is formed the 
Kaleidoscope invented by Sir Dayid Brewster, and by means of which the 
Deflected images viewed from a particular point, exhibit symmetrical figures 
vnder an infinite variety of arrangementa of beautifiil fonna and ooloura. 

Fig. 13L 




CCXXV. If two mirrors be placed opposite and paral- 
lel to each other, an indefinite number of images wdl be 
perceived, becoming more and more indistinct by repeated 
reflections, till at last they vanish in obscurity. 

Observation, This eflect may be advantageously observed in an tqwrt- 
■lent where two mhrors are fixed in opposite sides of it, with a Instre, or 
aome such object between them. Rooms fitted up in this manner willpre- 
eant to the spectator an interminable vista on every aide^ apparently fiUed 
with a multiplicity of objects. 



Ghre the illustration. What is this instrument denominated 1 CCXXV. Hew can 
an indefinite number of imaxet be prodoced by means of two n^rrora 1 Wliera la 
tkis advantaipeously obsenreal 
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CCXXVL Amongst natural phenomena produced by 
reflection of light, the most impoi^tant is atmospheric re« 
flection. Some of the less usud phenomena of this class 
are extremely curious such as the mirage, and a variety 
of aerial spectra of an analogous kind. The mirage is 
;enerally perceived on sandy plains in hot climates, as in 
^igypt and in Soulh America ; and it has been often de* 
scribed by travellers. 

JUtistrcUion 1. In the middle of the day, when the sun shines on the Mfli 
surface of the sand, the appearQnce of a sheet of water is observed at Uie 
seeming distance of about a quarter of a mile ; the deception being so com- 
plete, tnat any person unacquainted with its cause would inevitably suppose 
ne was approaching a lake or river. Like real water, the spectral lake re- 
flects objects around ; so that houses, trees, and animals, are percdived with 
the utmost distinctness in this nnsular mirror. As the observer advances^ 
the visionary stream recedes, still keeping at the same apparent distance but 
with changes of scene, by tne disappjcarance of images nrst beheld, and the 
formation of new ones from other objects, as they successively become liable 
to reflection. 

2. The French philosopher Monge, who witnessed this phenomenon hi 
Egypt, published a sati^actory explanation of it in the first volume of the 
Decade Egyptitnne ; and about the same time a similar exposition of the 
cause of it was given by Dr. Woilaston, in the London Philosophical Trans- 
actions. The latter also produced an artificial mirage in the heated air over 
a mass of red-hot iron ; and he observed the same appearance in bodies seen 
across the surfaces of two differently refracting fluids placed one above the 
other in a transparent vessel. 

3. He thus accounts for the phenomenon ; in the middle of the day, the 
sandy soil becoming very hot, the stramm of the air in contact with it ac- 
quires a very elevated temperature, and hence, being dilated, its density is 
found inferior to that of the strata immediately above it, andf the luminous 
rays which MX on this dilated stratum, at an angle comprised within a cer- 
tain limit of 90 degrees, are reflected at its surface asfi^m a mirror; and they 
convey to the eye of the observer the reversed image of Uie lower parts of the 
sky, which are seen on the prolongation of the rays received, and consequently 
appear below the real horizon. In this case, if nothing corrects the error, 
the limits of the horizon will appear lower and nearer than they really are. 

4. If any objects, as villages, trees, or the like, render it evident to the 
observer that the limits of the horizon are more remote, and that the sky is 
not so low as it seems, the reflected image of the sky will appear to form a 
reflecting plane of water. The villages and the trees will emit rays which 
will be reflected just as rays would have been if coming from the part of the 
sky intercepted by them. These rays will produce a reversed image below 
the objects seen by the direct rays. The limit at which the luminous rays 
begin to be reflected being constant, and the rays that form the largest angle 

^ ■■■—■-■»■■ ■■ ■ M» M^M^^^^M^^— ^— ^^— ^M^— — ^M^— -^w^^^^— ^»^^— .^—a ^^^^— ^^^,^^^^^^^^^,^^^ 

CCXXVI. Howls the mirage formsdl Give some account of that appearance. 
How may the effect be imitated ? What explanation did Woilaston give ofthat phe- 
nomenon? How is the iiua^natlon led to the supposition that the reversed image 
of the lower part of the sky is nearer and lower than the true visible horizon Y How 
does it appear that trees, buildings, Ac, ought to appear reversed in tbs ifivertett 
image of the sky 1 



irith tfM horaon appetriof to eamm from the nearest iftot to when the 
phenomenon commences, uis point must be a constant dntance from the 
obeenrer ; hence if he adyanoe^ the border of the lake wiQ i^pear to recede^ 
jvhic^ accords with the facts as they sre observed. 

CCXXVII. Those appearances called Looming, or 
ihe elevation of objects seen in the distant horizon abo?e 
their usual level, are explained on the same principle as 
ihe mirage. Under this head is included the Fata Mor^ 
gana, observed in the straits of Messina, and the singular 
apparitions of ships and other objects in the air, sometimes 
in a direct, and sometimes in an inverted position. 

MustroHon, The folio wingillustrations are taken from the aeria] appear- 
ances at the Cliffs of Dover, England, in May, 1835. Where tlie real snip is 
▼isible. a double, image may b« formed, consisting of an inverted fiispiie 
immediately over the ship itselfj and another figure in an erect position, 
above the preceding. If there is a single figure only, it will usually be in- 
Torted with respect to the real ship below it. Sometmies a double imace or 
an erect figure with one below it inverted, will appear where the vessel thus 
. reflected is wholly invisible, or perhaps its topmasts be seen, while the re- 
maining parts are hid from the convexity of the earth's surfooe. 

Fig. 132. 
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CCXXVIII. The manner in which these and similar 
phenomena may be caused by reflection may be compre- 
nended by reference to the analogous effect of spherical 
mirrors subsequently noticed. But it is probable, that 
where double images of objects appear, the effect depends 
chiefly on the refraction of light, owiiig to the varying 
density of the atmosphere ; and the circumstances under 
which such a state of the air may be produced have been 

CCXXVH. Explain the phenoraenon denominated looming. Give the illoatration. 
How will the ai)pearance of spectre^ships be affected by the neameis or remotenesi 
of the real ships which canse the spectral CCXXVuL How is reikactioo sffeoted 
by change of density in the airl 
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poiii^ t>ut and illuttrated W DTr WoQaitoiL Tbe lo* 
^uon being greatest wbei« SNTchan^ of density it the 
most rapid, and less on each cukle of this point, the whde 
effect must be similar to that of a convex lens. 

CCXXIX. In reference to the Fata Morgana, Dr. T. 
Voimg says : *^ It may freqaently happen in a medimn 
gradually varying, that a number of difterent rays of light 
may be inflected into angles equal to the angles of inci- 
dence, and in this respect the effect resembles reflectioh 
rather more than refraction." 

CCXXX. A convex mirror consists of any given por- 
tion of the exterior surface of a sphere. 

INustratioru Thus a o^ fig. 133, refMresents a poruon of a f|>here of which h 
m the centre, and the line b c, which is defined as a line pasaing through tbe 
centre^ and perpendicular to the surface ; all such lines m called radii to tb0 
esrcle^ of which the mixror forms a part. 

9%. 133. 



CCXXXI. The image formed by a plane mirror, as we 
have already seen, is of the same size as the object, but 
the image reflected from the convex mirror is always 
smaller man the object. 

ObtervaHaru As objects are always seen in the dnection in which the 
rays approach the eye, the image of objects seen by means of mirrors always 
appear oehind tbe mirror. 

CCXXXII. The effect of light reflected from a con- 
vex mirror is to produce a miniature picture of any objects 



CCXXIX. What circumstance of the air may cause varying rays of incident light 
•b be reflected to a focus 1 CCXXX. What are convex minpors 1 Give the iUaatrar 
tion. CCXXXI. What Is tbe relative size of iDaageB in plain and convex mirrors T 
OCXXXn. In convex mirrors where is the imafB 1 



placed opposite to it ; the ima^s thus fotmed appearing, 
to the eye of the ohserrer in iront, to be situated iwithin, 
or behind the mirror. 

Jlhutration. Thus the globular bottles filled with coloured liqmd, m the 
window of a drug-store, exhibit all the variety of rooYing soen^ without 
such as carriages, carts, and people moving in different directions : the upper 
half of each bottle exnibiting all the imag^ inverted while the lower naif 
exhibits another set of them in the erect position. 

CCXXXIIT. The images formed by reflection from a 
convex mirror, must always be smaller than the objects 
by which they are produced, because the rays forming 
them diverge in their passage to the eye of the observer. 

JUuatralion I. In the annexed figure A 6 represents a convex mirror which 
18 a portion of a q[>here whose centre is S, ana the radius (distance from the 
centre to the circumference] is 6 C ; G is therefore the focus of the mirror. 

2. If an obiect be placed at E at a distance before the mirror, its image 
will appear benind the mirror at D halfway between O and C^ and the image 
at D will be as much less than the object E as the line D C is less than the 
line C E. or it will be as much smaller than the ofajject as the line C D is 
■horter tnaii the Une C B. 
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a If, therefore, the object be brought nearer to the surface of the mirror, 
the image also will approach to meet it, and become proportionally enlarged; 
10 that if a part of anjr object be btought into contact with the convex but- 
foce of the mirror, the imase of that part will appear of precisdy the sanM 
size as in the object itself; but unless the object be extremely small, or the 
murror be a segment of a very large sph^e, it must be obvious that only a 
small portion of an object can be made to touch the mirror, and hence the 
entire image must ever be to some extent inferior in size to the object by 
which It IS produced. 



What Ulustratidn is fiveni CCXXXnt Why most the fmage fh>m a convex 
mirror be smaller than the object? Give the illusirations. Suppose the obiect bs 
Drought near the sorftce of the mirror, what elfcct has it onlhe image 1 



CCXXXIV. A conrex mirror by reflection converts 
parallel rays into diverging rays, «qcI convergent rays are 
reflected either parallel or less cc&ergent 



Bhutration. First let the parallel rays 1, 2. 3, fig. 135. &U upon the oon- 

ar to it, and will be r^ected back in the i 



vex mirror, 2 is perpendicular to it, and will oe renected back in the same 




Fig. 13S. 
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CCXXXY. Diverging rays falling on a convex mirror, 
are rendered more diverging. 

COTTCAVE MIRRORS. 

ObMenaticn, The shape of concave ralmsrs is like that of convex mirrors^ 
with this difference that the former reflect from the inside, and die latter 
from the outside. The effects of the concave are generally the reverse of those 
of the convex, the lEbnner tends to collect rays to a focus, and iht latter to 
disperse them. 

CCXXXVI. The focus of a concave mirror is the 
point in which the reflected rays meet. The centre of 
concavity is the centre of the sphere, of which the mirror 
forms a part. Parallel rays falling on a concave mirror 

CCXXXIV. What effect has a convex mirror on parallel and on eooveigtag njs 1 
Olva the "iUustratlone. CCXXXV. What eflfeet has the convex minor en cttveiflnf 
ngrst DtMinguiah between convex and concave oMnoiSt 
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are converged to a focus halfway between the centre of 
concavity, and the surface of tlie mirror. 

CCXXXVII. The following are the principal phe- 
nomena of reflected rays : — 

Parallel rays reflected from a concayb surface, are 
made converging. 

Illustration, The parallel rays 1, 2, 3, 4, Ac., fig. 136, are con^ierged by 
reflection from the concave mirror, and meet m the focus o, h&lfway be- 
tween the centre a, and the surface of the mirror. 

Fig. 136. 




CCXXXVIII. Converging rays falling on a concave 
mirror will after reflection become more converging. 

lUttstreUion, Thus in fi^. 137, the oonvereing rays after bdng reflected 
are rendered more converging, and meet in the point o. 

Fig. 137. * 




CCXXXIX. Diverfiring rays fallinff upon a concave 
mirror, if they diverge from the focus of parallel rays, ihcy 
will become parallel. Thus the rays from o, fig. 196^ 
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after falling on the mirror are reflected parallel ad seen in 
1, 5iy 3, &c. 

CCXL. If the rays diverge from a point nearer to the 
mirror than the focus of parallel rays, they will diverge 
after reflection, but less tlian before. 

Xtluatration, Thus the rays tsom o, fig. 137, diverge after reflectbii, but 
less than before. 

CCXLI. If the rays diverge from a point, between the 
focus of parallel rays, and the centre of the circle of which 
the mirror forms a part, they will converge after reflec- 
tion to some point on the opposite side of the centre. 



niustroiion. In fig. 138, o is the centre of the circle ; F, the focus of par- 

lys 1, 2, and 1, 3, after reflection from the mirror A 
converge to the point 4, beyond o, the centre of the cirdeii 



allel rays. Now the rays 1, 2, and 1, 3, after reflection from the mirror A B, 

, the centi 

Fig. I3a 
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CCXLII. If the rays emanate from a point beyond the 

centre, as from 4, in fig. 138, they will converge to a point 

on the opposite side of the centre, or between the centre 

and the surface of the mirror. 

Uluslration. Thus let 4, 2, and 4, 3, in fig. 138, be the incident rays, they 
will after reflection converge to a focus at 1. 

CCXLIII. If an observer view his own image at a 
considerable distance beyond the centre of a concave mir- 
ror, the image will appear small, faint, and somewhat con- 
fused. 

Jllustraium, This is owing to the smallness of the number of rays that 

CCXLII. If ihe rays emanate from a point beyond the centre, where will be the 
focus 1 CCXLUI. Why 18 the image of a dtstant observer seen IndistiBcUy in a con- 
cave mirror? 
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uncerudn, bo thiil the imige is concaied lo be befond or iriuun toe maii)^ 
•nd ihia mieconcepClDn increiaea the oonfiiwnt. Ai the obserrar idTaBcaa 
lowird« the nurroi, his image will eradully appear larger and bnriitet, ud 
IDiewiBedrawneartr lu himj but iftiedo DatiiewitbetweeDhinuidf and the 
iiuin>r, it will continue itil! iadifiinct. Ai length he will aniva u the aiaiion 
wliFDce ihe image asaumea a detennipate and conecl Gi^ure, af^aving per- 
ibclly distinci. Alter a few liials, the true place (or viewing the uuge mtf 
be aicertHined with lolenihle accuracy i aitd it will continiw dialULCIly par- 
cepCible wlieii [he abacrver mores a short distance backward or forwaid 
Uam the propn position: but advancing beyond it, the iman mil aoon 
begin (0 appear IndtetiDct, and this iDdisiinctneaa will uicreaae Oil ha aiiivea 
ao near the tnirror as its centre of concavity, where the image will be loM in 
confilBion. If he slill advancca, another image in an t^rigbl poaitkon grajo- 
■lly becomes visible, as eiplamed in ibe preceding case. 

CCXLIV. The most singular and curious efTects of 
concave minivs, are those resulting &om the position oi 
objects at a greater distance from the mirror th^ iti centre 
of concavity, as in the case above described, (242,) when 
a diminished and inverted image will be formed in the 
air between the object and the mirror. In order that this 
may be seen to the utmost advantage, particular situations 
must be assigned both to the object and the observer, 
which will be regulated by the concavity of the mirror 
and its consequent focal distance. 

JOuttration 1. For the exhibition of auch pbenomena, however, qihencat 

concave mirrors are not to well adapted aa thoee of an elliptical figure, £» 

ihe latter having double ibci, any object placed in one focus of an elhptic 

coDcave minor will form an accurate itnage in the other fixus. 

Fig. 139. 




2. The above figure eihibiia a convenient mode of arrangement ft>T 
nt of ({ipanitDi fcr i 
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Cueing optical imtfet in the air hj means of a single mirror. Sappose C D 
to be one side of a room, or a screen dividing one part of the room from 
another, and having in it a square aperture E F, the centre of which may be 
about five feet above the floor. This opening may be surrounded with a 
black border, or a gilt moulding, so as to resenible a picture- frame. A large 
concave (elliptical) mirror, M N, is then to be pliaced in an adjoining apart- 
ment, so that when any object is placed at A, in one focus of the mirror, a 
dhstinct image of it may be formed in the other focus at B, or in the centre 
of the aperture E F. Tiiis image will be inverted with respect to the posi- 
tion of the object ; therefore if a small statue, bust, or plaster cast of any 
object be placed upside down at A, an observer in the apartment at O wiU 
beinold an erect unaee of the object at B. In order to give the greater efiect 
to this exhH»ition, the object should be white, or at least of a very bright 
colour, and should be strongly illuminated by a powerful lamp, the rays of 
which must be prevented from reaching the openmg E F. 

3. In this case, the image beine formed, not in the single focus of a spheri- 
cal concave mirror, but in one ofthe foci of an elliptical mirror, it will not be 
confused or reduced ; but will be rather larger than the object When the 
image appears in the air, as here described, it will be distinctly visible onlv 
Irom the point O, and a person placed at a little distance, on either side^ will 
see nothing of ii. I^ however, the opening E P be filled with smoke, rising 
from burnmg frankincense or other perfumes, the cloudy vapour will serve 
•a a screen to receive the reflected image, which may thus be rendered visi- 
ble to persons within the room O. 

THE ORGANS OF VISION. 

CCXLV. The eyes of animals bear a certain analogy 
to the optical instrument called a camera obscura ; for the 
images of external objects within the sphere of vision, 
are actuallv formed or traced within the eye, in the man- 
ner that will be subsequently described. 

CCXLVI. In man and other animals destined to in- 
habit the surface of the earth, the e)reball is a mass nearly 
^herical, but somewhat flattened in front. Those ani- 
mals that dwell in the water have eyes very much flattened, 
the eyeball in most fishes forming but half a sphere, and 
in the ray species, it is but cme quarter of the thickness 
of a sphere. In those birds that soar to the higher regions 
of the atmosphere, the anterior part of the eye is some- 
times flat, and sometimes in the figure of a truncated cone ; 

Will the images in this case be direct or inverted 1 What will be the size and po- 
sition or the iinaite with regard to tliat of the object) CCXLV. To what is the con- 
struction of tlie eye analogous 1 CCXLVI. What relative sphericity have the eves 
of land and of aquatic animals 1 What peeoliarity is foond in the eyta of bhrds tost 
to sreat heurhu 1 

12 



the upper part forming a short cyliDdery suiuioiuiled by ft 
rery convex eminence. 

CCXLVII. The eyes of spiders, scorpions, Scc^ are 
merely very minute points, wmch it would be rery diffi- 
cult to recognise as organs of vision, if their functioiis 
bad not been demonstrated by precise experiments. Mil- 
lepedes, flies, &c., have eyes often very large in proper^ 
tion to the bulk of the insect, and composed of a multitude 
of small facets,or plano-convex lenses united into a hemi- 
,r4phcrical form, with their axes directed to a conmion focus. 
Many insects have, at the same time, simple and com- 
pound eyes ; this is the case with wasps, grasshoppers, 
and some others. There exist likewise multitudes of ani- 
mals, in which no organ of vision can be discovered ; but 
it appears, that in such the sense of feeling is extremely 
delicate, and therefore supplies the defect of the other 
•ensoB. 

C(' XL VII I. In the following descriptive notices of the 
organN of vision, and the phenomena depending on them, 
our attention will be restricted to the structure and func- 
tions of the human eye. But the eyes of some quadru- 
peds, as the ox or the sheep, so far resemble those of 
man, that sufficiently accurate ideas of the essential parts 
of the eye may be obtained by dissecting and examining 
an eye of either of those animals, and comparing its 
mechanism with the ensuing description. 

Fig. 140. 




SluitraHon I. The above fis^aie exhibit! a front view of the eya^ or the 
anterior portion of the eyeball. The white part aurrounding the centre ia 
called the aclerotic* coat {tunica tderotieOf) a a, and it is continued within 



• From the Greek E*Xi;po5, hard, firm ; or SirXuponj? , hardnesa. 



(«Vn. What is said of the ejea of apiden and aeorpiona 7 



t 
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the oibit round the back part of the eyeball, being formed of a dense mem- 
brane, which incladee, as m a bas, the other parta of the eye. This mem- 
brane 18 perfectly opaque, and therefore is not continued over the front of 
the eye, but joins the transparent comea,t &, which differs from it chiefly in 
being completely pervious to light, and therefore serves like a window to ad- 
mit It to the intenor of the eye for the formation of images. Within or behind 
the cornea may be perceived the iris,! c, a sort of coloured frinee, usually, 
either of a dark brown or a grayish blue tint; and hence the distinction 
between black, and biue or era y eyes : but there are persons with extremely 
light complexions and whitehair, (Albinoes,^ who have red eyes, the irisbdnff 
red, as in the eyes of a white rabbit. In the centre of the eye, surrounded 
by the iris, is a daik circular space of variable dimensions, called the pupD, d^ 
through which the rays of light pass into the chambers of the eye 

Fig. 141. 

r 




2. Fig. 141, is a vertical section of the human eye. Its form is nearly 
^obular, with a slight projection or elongation in front Its coats, or mem- 
Branes as before mentioned, are the sderotic, the corruoy the chorotdy and the 
reHna. It has two fluids confined within these membranes, called the 
aqueouBy and the vitreoua humours, and one lens, called the crystaUine. The 
sclerotic coat is the outer and strongest membrane^ and its anterior part is 
well known as the vMte of the eye. This coat is marked in the figurs 
a, Of ct^ a. It is joined to the cornea^ 5, b, which is the transparent meme 
brane m front of the eye, through which we see. The choroid coat is a thin- 
delicate membrane, which lines the sclerotic coat on the inside. On the 
inside of this lies the retina^ d^d^d^dL which is the innermost coat of all, and 
is an expansion, or continuation of the optic nerve o. This expansion of the 
optic nerve ij the immediate seat of vision. The iris o, o, is seen through the 
cornea, and is a thin membrane, or curtain, of different colours in di^rent 
persons, and therefore gives colour to the eyes. In black-eyed persons it is 
black, in blue-eyed persons it is blue, &e. Through the iiis, is a circular 
opening, called the papU^ which expands or enlarges when the light is faint, 

* From the Latin comeua^ homy, or like horn. 

T So called from its being like the rainbow («ri9)varioci8ly coloured. 

What ia the form of the human eye 7 How many coats, or membraaea, has the 
eye 1 Wliat are they called 1 How many fluids hao the eye, and what are they 
eidledl What is the lens of the eye 4»lled1 What coat forms the white of the eye 1 
Deacribe whore the several coats and humours are sitaated 1 What ia the ii it* 1 
What is the retina 1 Where is the sense of vision t 
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and contracts when it is too strong. The space between the iris and the 
oomea is called the anUriar diamberaithe eye, and is filled with the aqumnu 
humour, so called from its resemblance to water. Behind the pupil and iris 
is situated the crystalline lens e which is a firm and perfisctly transparent 
body, through which the rays of light pass from the pupil to the retina. Be- 
hina the lens is situated the pwterior chamber of the eye, which is filled with 
the vUreous humoury v, v. This humour occupies much the largest portion of 
the whole eye, and on it depends the permanency and shape of the whde 
organ. 

CCXLIX. Objects are seen in consequence of the 
images' being painted on the nerves, or retina, at the back 
of the eye ; and though the images are inverted, yet the 
objects appear erect. 

Experiment. Take off the aderotica from the back part of the eye of an 
ox, or other animal, and place the eye in the hole of the window-shutter in a 
dark room, with its fore part towards the external objects ; a person in die 
room will, through the transparent coat, see the inverted image painted upon 
the retina. 

Observation 1. It is found from experience, that when the image upon the 
retina is bright, the object is clearly seen ; and when the image is friint, the 
object appears faint ; also, that when the image is distinct, the object is seen 
distinctly ; and when the image is confused, the object appears confused. 
Hence it may be concluded, that these images are the cause of vision. 

2. It is manifest, that a different conformation of the eye, or some parts of 
the eye, is necessary for distinct vision at different distances. Some think 
the change is in the length of the eye ; others, that it is a change in the 
figure or position of the crystalline humour ; and others, that it is a change 
in the cornea; but any of these changes would produce the effect. 

CCL. Dimness of sight generally attends old people, 
and arises from the eye becoming too flat, and not imiting 
the rays exactly on the retina ; or it may arise from the 
humours losing their transparency in some degree, which 
makes every object appear faint and indistinct. 

CCLI. If the crystalline humour has either too much 
or too little convexity, the sight vvrill be defective, owing 
to the image being formed before or behind the retina. 

ObaervatUm. In myopea^ or persons who are short-nghted, the hiunours 
of the eye are too convex, and bring the rays to a focus^ before they reach 
the retina, unless the object be brought near to it : in which case^ the image 
is cast frtfther back. In others, the numoure of the eye have so little con- 
vexity, that the focal point lies behind the retina; whence, unless the object 
is removed to a greater distance from the eye, the vision will be indistinct 

Such persons are called Pretibyta, 

... ■■ ■ — — ■ — .^-^ 

CCXLIX. How is it proved that the iimces of objects are represented or 
urn the retina in an inverted position 1 In what wr can it be prored that the ._ 
vpoa the retina are the cause of vision 1 CCL. What is the cause of dimnera of 
In oil ace 1 CCLL What peculiarity or defect .of the eye causes persons la 
sliort'Slghtedl 
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CCLII. When the diameter of an object is ffiven, its 
apparent diameter is inversely as its distance from the 
ejre. 

ObMrvution 1. The angle aabtended as the least visible object, called by 
the writers on optics, the Afintmutn VisibU, cannot be accurately ascer- 
tained, «8 it depends upon the colour of' the object, and the ground upon 
-wfaieh it is seen; it depends also upon the eye. To the |;enerality ctf eyes, 
the nearest distance of distinct vision, is about 7 or 8 mches. Taking 8 
inches for that distance, and 2 for the least visible angle, a globular object of 
less than the three^undreth part of an mch cannot be seen. 

Z The apparent diameter of an object is as the diameter of its image upon 
the retina ; and the diameter of the image, when the object is giyen, is in- 
vayely as the distance of the object ; therefore the apparent diamlter of the 
object is also inversely as the distance of the object. The same may be 
proved of any apparent length whatsoever. 

3. Hence the apparent diameter of an object may be magnified in any 
propcn'tion ; for the less the distance of the eye from the object, the greater 
will be its apparent diameter. But without the help of glasses, an object 
brought nearer the eye than about five inches, ihough it appears larger, will 
at tte same time appear confused. 

4. Many deceptions in vision arise firom the above consideration. We 
Tud^ of the distance of any object by the visible length of the plane, which 
lies Mtween the eye and the object. When this method fails us, we com- 
pare the known magnitude of the object vfith its present apparent magnitude: 
or we compare the degrees of distinctness with which we see the several 
parts of an object ; or we observe whether the chan^ of the apparent place 
of an object when viewed from different stations, or its parallax be great or 
small, this change being always in proportion to the distance of the object. 
On this principle, we may judge of the distance of a near object, by observ- 
ing the diange which is made in its apparent situation, upon viewing it suo- 
oesavelv virith each eye singly. Or, smce it is the difference of the apparent 
place of an object, as viewed by each e3re separately which makes an object 
to be seen double, unless we turn both eyes directly towards it, and since in 
doing ihia, where the distance is very small, we turn the eyes very much 
towards each other, and less at a greater distance ; the difi[erent sensations 
acoompanyinf; the different degrees in which the eyes are turned towards 
each other, afibrd by habit, a rule for judging of the distance. 

B. In objects placed at such distances as we are used to, and can readily 
allow for, we know by experience, how much an increase of distance wm 
diminish their apparent magnitueUf and th^iefore, instantly conceive their 
real magnitude, and neglecting the apparent, suppose them of the sixe they 
would appear if they were less remote ; but this can only be done, where we 
are well acquainted with the real magnitude of the object ; in all other cases^ 
we fudge of magnitudes by the angle which the object subtends at the 
known or supposed distance ; that is, we infer the real magnitude firom the 
apparent magnitude in comparison with the distance of the oltject 

CCLIII. Optical illusions frecniently occur in con- 
sequence of bodies in motion, if a sphere revolying 

€X3Ln. Vnmt is the nroportkm between the eppareat dkuneter of an object and its 
dtolanee from the e7«« CCLUL How aiay m circle be mJitalren fi>r a atnigbt Unel 



on ito axis be placed at a distance, it will be impoenUe 
to perceive the movementy unless there are on its surface 
spots or visible irregularities, the alternate appeanmce and 
disappearance of which may be observed ; and it is thus 
only that astronomers have been enabled to ascertain the 
rotation of the sun and the planets, by observing spots on 
their surfaces. 

CCLIV. A lighted candle or torch whirled in a circle, 
the plane of which passes through the eye, at a great dis- 
tance, merely appears to come and go in a line, from one 
extremity to the other of the diameter of the circle. The 
visible paths of the planets through the heavens, in their 
revolutions round the sun, thus have the appearance of 
right lines, from one extremity to the other of which each 
luminary seems, to a spectator on the earth, alternately to 
advance and return. 

CCLV. The impression of light on the eye is not 
merely instantaneous, but continues during a certain time 
after the luminous or illuminated object nas been with- 
drawn. From the experiments of D'Arcy, it has been 
ascertained that the enect of liffht on the retina remains 
about 1-7 or 1-8 of a second aner the light has actually 
been removed.* To this cause is to be ascribed the circle 
of light formed by whirling round a burning stick, a phe- 
nomenon with which every one must be acquainted. And 
on the same principle is constructed the amusing toy 
called the Thaumatrope,t contrived by Dr. Paris. 

It consists of a number of circular cards, having silk 
strings attached to their opposite ed^es, as represented in 
the following figures. By these stnngs, one of the cards 

* See a paper " On the Duration of the Seoaatkm of Sighl,'* in Nemoires de TAcade- 
nle dea Sclencea, a Parte. 1766, p. 439. 
t From the Greek Oavfioi a wonder, and ry»<ir«h to turn. 



OCLIV. With what example of this does astronomy ftimlah oa 1 CCLV. Does tiia 
' ui object Tanlsh from the eye the dm 
^ of time haa D'Arcy found iropre 
tUiar and amusinf ezperimenta owe 
■friona7 Deacriba the thaiimatropa. 



tnaiie of an object Tanlsh from the eye the moment the object is withdrawn 1 For 
what length of time has D'Arcy found impressions to remain on the Tisual onaat 
' ^■"lUiar and amusinf ezperimenta owe their interest to the dnral>ttitjorvW> 
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being twirled round with a certain Telocity, both sides of 
it wm be visible at the same time, and any objects traced 
on them, as a dog on one side and a monkey on the other, 
may be perceived simultaneously. Hence the parts of 
the picture being united, when it is whirled round, the 
monkey will be seen seated on the back of the dog. In 
this case the revolving card becomes virtually transpa- 
rent, so that the objects on opposite sides of it may be 
viewed together nearly as they would be, if painted on 
the two surfaces of a plate of glass. 

Fig. 142. 




CCLVI. Another curious machine has been recently 
mvented called tlie PhantasnKiscope,^ the effect of which 
farther illustrates our perception of objects for a certain 
time after the objects themselves have been withdrawn. 

Jttuatratian 1. In this apparatus as modified by Profesapr Faraday, figures 
are seen through revolTing wbeeUL or circular disks of pasteboard, with 
deep narrow notches at the edges. If a transparent star highly illuminated 
be placed behind a disk of paateboard, or blackened tinplate with a single 
narrow opening extending nom the circumference to the centre^ it will 
necessarily bide the whole of the star, except that immediately opposite the 
opening ; but if the disk be made to revolve rapidly, the whole star will be 
onade visible ; as may eaaily be conceived from previous remarks on the du- 
ration of impressions. 

2. In the phantasmascope the pasteboard disks are painted with a variety 
of figures, in different positions^ uid the borders of the diska being cut into 
cogs or teeth, leaving openings between them^ when made to revolve on a 
0pmdl& on looking at the objects aa exhibited in a mirror, throogh the open- 
ning, they will di^lay the most diversified and grotesqiie attitucfea. 

3. Thus the figures given in the following cut, when properly viewed, 
would all appear to be pirouetting Kke so many opera-dancers. By difierent 
anangements of the openings, and varied deaigna^ may be exhibited, in t 

* From the Greek ^rraafta, « spectacle, and nowtta^ to view. 

CX^VI. niattrate the phantMOMaeope. Ftor what purpose is the mirror intv^ 
dneed in the exhibition of the phantasmascope 1 




CCLVII. One of the most curious facta relatiiiff to the 
faculty of vision is the absolute insensibility to die im- 
pressioa of light at a certain point of the retina, ao that the 
image of any object falling on that point would be invisi- 
blc. When we look with the right eye this point will be 
about 15 deg. to the right of the object observed, or to the 
right of the axis of the eye, or the point of moat distinct' 
viaion. When looking with the lefi eye the point will be 
as far to the left. The point in question, is the basis of 
the optic nerve ; and ita insensibility to light was first 
noticed by M. Marriotte, the French philosopher/ 
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* JET^rpeKiiiait Tlito imiaikAble plMDomenon i^ 

oy placing on a dieet of writing poper tt the distance of three inches tiMurt, 
two coloured waftr^ dien on looking at the left hand wafsr with the right 
eye at the distance of about a foot, Keeping the eye straight above thewafofi 
and both eyes parallel with the line which joins the waters ; on clodng the 
left eye, the right hand wafer will become invisible ; and a similar efl^t vrill 
take place if we close the right eye and look with the left 

CHROMATICS, OR THE THEORY OF COLOURS. 

CCLYIII. The phenomenon of colours is one of the 
most curious of all the properties of light. In popular 
opinion, colours are considered as inherent properties of 
the substances on which they occur. Thus we hear it 
said by the uninformed that the redness of brick, and the 
greenness of grass are properties as peculiar to those sub- 
stances as the shapes they assume ; this, however, is an 
error. 

CCLIX. The essential cause of colour is light ; but it 
depends also on the texture of the surface coloured. 

CCLX. There are seven different colours, which are 
denominated jTriVnary, these are red, orange, yellow, green, 
blue, indigo, and violet. 

CCLXI. The discovery of the compound nature of 
light, was made by Sir Isaac Newton, in the •following 
manner : — 

JUustration 1. Let a bundle of rays proceeding from the sun S, be admitted 
thioiifih the window shutter of a darkened room as represented in the figure^ 
paj|[e 142, and allowed to fall on the triangular piece of glass ABC, called the 
prism. A ray D thus entering, and suiTercd to pass unobstructed, would 
form on a plane surface a circular disk of white light E, but the prism being 
so placed that the ray may enter and quit it at equal angles, it will be re* 
fracted in such a manner, as to form on a screen M N, properly piaced, an 
oblong ima.oe called the solar spectrum, and divided horizontally mto seven 
coloured spaces, or bands of unequal extent, succeeding each other in the 
order represented : redy orange, yelkno, green, bhie, indigo, vioUL 

2. These bands are not separated by distinct lines, so that it is difficult to 
determine where one ends and another commences, the several tints at their 
borders being blended, and each almost imperceptibly united with those next 
to it ; the whole spectrum exhibiting the seven principal colours^ with inter- 
mediate shad(M or mixtures. 



€)CIXL Hj whom, and bj what experiment was the compound nature of light 
nade known 1 How iathe separation of white lijiht into iu constituent coloured 
raja moat advantsffeously diaplajed 1 What ia the image of m beam of light reliracted 
by a prism usually denominated 1 Into how man/, and what spaces is the solar 
ipectrum divided? MHiat are the two extremes or the speetnunY 
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Violet 

Indigo 

Blue 

Oreen 

Yellow 

Orange 

Red 



White 
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Oheervatum 1. It will be seen by the above figure, that all the rays are 
somewhat bent out of their course the violet, me most, and the red the 
least 

2. The rectangular screen M N, on which is received the diflferent rays, is 
called the spectrum, 

ExDerimeni 1. The following experiment is often cited as evidence of 
there Doing seven primary colours, namely, that if the different prismatic 
coloured rays be allowed to pass though a double convex lens they becqpie 
white-li^t. 

^ 2. The same effect is produced by mixing in the proper proportions seven 
diiierent coloured powders ; or still better^ by paintmg the seven colours on 
a circular board, in the proportions occupied by these several colours in the 
spectrum, and whirling the board very rapidly. 

CCLXII. The prismatic colours are seen in spray 
that rises from waterfalls, cascades, fountains, dew on the 
grass, glass ornaments, about chandeliers, rainbows, &c. 

The colours of the rainbow are also often seen in the 
refraction of light through a tumbler of water, standing in 
the sun. In all these cases, the back of the observer 
must be turned towards the sun. It is owing probably to 
the same principle, that we often see clouds decked in the 
most firorfireous colours. 

CCLXIII. The rainbow is a phenomenon produced 
by the refraction and reflection of light by the drops of 
falling rain, and can only be seen when the sun is m the 
part of the heavens opposite the rainbow. 



Which colour is refracted most, and which least 1 When the several prianalto 
colours are blended, what colour is the result 1 When the solurspectrum is made 
to pass through a lens, what is the colour of the focus 1 CCLXIl. Bvwhat other 
means beside the prism, can the ravs of licht be decomposed 1 CCLXIII. Describe 
the rainbow. 
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CCLXIV. Rainbows are single or double. The fol- 
lowing illustration represents the single rainbow which is 
produced by two refractions, and one reflection. 

Hbutration. While the sun is shining upon the fsLllinff drops of ndn, all 
those rays that enter the drop near the edge as at cl fig. 145, are refincted and 
reach the back part of the drop at &, where, instead of being transmitted and 
passing out of the drop, are reflected in the direction b c, and on arriving at 
c, are again refracted and reach the eye of the spectator at e, where eac£ of 
tne colours being differently refracted and separated from each other all the 
colours of the nunbow are exhibited. 

Fig. 145. 




CCLXV. The double rainbow is represented in the 
form of a double arch, one within the other — the outer 
bow is always fainter than the inner, and has also its order 
of colours reversed ; it also requires two reflections and 
two refractions. 

Bhutraium, Fig. 146, illustrates the case where a double rainbow is seeiii 
and describes the track- of the ray, in what is called the secondary bow, 
where the ray r enters the drop at a, and is refracted in the line a &, and at 
& it is first reflected and moves in the directbn b Cy and again reflected at e 
m the line c d, until it arrives at e2, where it suffers another refraction and 
emerges from the drop, and reaches the eye of the spectator at e. 

Obaervation 1. The colours of the secondary rainbow are paler than those 
of the primary, because some of the light is lost in the extra reflection of the 
former. 



OCLXIV. What are the kinds-of rainbowl mostrate the sincle rainbow. CGIXV. 
Define the doable rainbow. lUoatiBte it by the (Sagiam. - why is the secondMry 
rainbow Aimer) 
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Z TIm niiibow •mmiee dM form of a wttakkde, hecmm it ii only al 
•main aDfiea thmt the nihictad rmya tie TiAto to the ayv. 
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CCLXVI. The colour of all bodies depends as before 
stated on some peculiar property of their surfaces causing 
them to absorb some of tne coloured rays and reflect 
others. 

CCLXVII. All bodies have the colour of those rays 
which are reflected from them, while all the other rays 
are absorbed. 

IlhuiraHon 1. Thus on every body iUominated by the rays of the sun, 
the whole seven primary rays are supposed to fidl. 

2. The frnjBB and other vegetables are green, because the green rays only 
are reflected, and all the rest are absorbed ; and the same remark applies to 
all other coloured surfaces. 

3. In black all the rays are absorbed ; and in white, they are all reflected ; 
white and black are therefore not strictly colours^ though in popular lan- 
guage, they are often so called. 

CCLXVIII. Double refraction is the property exhibit- 
ed by some transparent bodies, of forming a double image 
of any object seen through them. A peculiar kind of 
crystsJline limestone called Iceland spar, is one of the 
most celebrated minerals for exhibiting a double refrac 
tion. 

Fig. 147. 
A BCD 



Why It doei aBsoine the semielfclel OCLXYL On what doee the cokmr of 
bodies depend 1 CCIXVn. How can voa ezplaiB the differe nt cok mr of rflffirnat 
bodies? Give the flrst, seeood and third Ulnstrstions. OCLXVIIL D^Im ^ fri^ Mt 

refraction. 
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JlhuiiraHon 1. This mode of refraction may be experimentallyTlemonstratei 
by means of a small plate of Icdaflid spar, dr crystallized carbonate of lime^ 
not more than i of an inch in thickness. If a plate otf glass be placed over 
either or all the preceding figures. A, B, C, D, each will appear singly, as to 
the naked eye; bat if a plate of loelaind spar be held above one of the figures, 
a double image will be perceived, as two dots, two circles, or two lines in* 
stead of one. 

2. The distance between the two images will depend on the thickness of 
the plate of spar. If it be i of an inch thick, the images will be so near 
together tliat the little circle B will look like a figure of 8. There is, how- 
ever^ another circumstance which will influence the relative separation of 
the unages ; and that is the position of the f^ate ; for if it be laid flat on the 
paper and slowly turned round horizontally, one of the images will be per- 
ceived to revolve round the other ; so that thfc circle will in one position ap- 
pear thus 8, and in another thus oo ; and the lines will coalesce and diverge 
successively, as the plate is made to revolve. 

3. In explanation of this phenomenon it may be stated that a ray of light 
on entering into the transparent spar becomes divided into two portions, one 
of which mllows the ordinary law of refraction, while the other undergoes a 
s^arate refraction, according to a new and extraordinary law. The Iceland 
spar conasts of rhomboidal crystals, masses of which are always reducible 
by natural cleavajg^e into exact rhomboids. These are the forms of the 
molecules into which the mass can be separated by continued subdivision : 
and in every one of these rhomboids the short diagonal is called the optiuai 
axis. 

Fig. 14a 




B 
4. Thus in the above figure the diagonal line C represents the axis of the 
rhomboidal sohd A B. Now if a ray of light is transmitted through a crystal 
in the fine of its optical axis no double image will be formed, and the my will 
be rcfiracted simply according to the ordinary law of the proportional sines ; 
Ibr in this case the ordinary and extraoroinary rajirs, as thev have been 
termed, will coincide. But in all other cases the law is essentially different, 
the ray becoming divided, and one part of the pencil will be lenracted, ac- 
cording to a law of a very singular and complicated nature. 

OPTICAL INSTRUMENTS. 

CCLXIX. Spectacles are instruments used to aid im- 
perfect sight. They have been used since the latter part 
of the 13th century ; but the magnifying properties of 

Qivethe first iUastration. What circumstance determines the amount of separation 1 
What is the explanation in third illustration 1 What te the form of the crystal of 
Iceland spar 1 What is the optical axis of such a crystal 1 OCLXIX. Define npeo' 
faciei^ and give their history. 

13 
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tonvex lenses or other transparent bodies was known at a 
much earlier p^od, though we are not informed of the 
precise manner in which they were used. 

CCLXX. There are two distinct kinds of spectacles, 
those with convex glasses which magnify objects seen 
through them ; and tnose with concave glasses which di- 
minish objects. 

CCLXXI. In old persons the transparent c(»mea be- 
comes flattened, and possibly also the crystalline lens ; 
consequently the rays of light from distant objects do not 
converge to a focus so as to form a distinct image on the 
retina — unless the objects are at a considerable distance 
from the eye. 

MUtutratUm 1. Thus it happens that old people who attempt to read with- 
out the aid of ipectaclea, are obliged to hold the book at arm's length. Ths 
maimer in which they ue aided by spectaclM may be iUustrated by examin- 
img the aoooDDpanying woodcut, fiig. 149. 

Wig. 140. 




2. Let C D be nipposed to represent a section of the cnrstalline lens, and 
A B a ainular section of a spectacle lens. Tlien the object O, at six inches 
.ftom the eye wUl form a penect image on the retina, at R; but if the latter 
Isna be removed, the object at the same distance will appear confused, and 
m order to appear distinct must be withdrawn three or four times that dis- 
tance, tnd if It be very minute, the unassisted eye cannot see it distmctlj 
at any distance. 

CCLXXII. Short, or near-sighted persons have the 
transparent cornea too prominent, in consequence of which 
the rays of light from objects are conveyed to a focus, 
before they reach the retina, unless the object be brought 
near the eye. 

MUtutraiion 1. Where this peculiarity of vision exists but in a sfight d»* 

OCLXX. How many kinds of spectacles, and what are they 1 CCLXXL What Is 
Che defect in the sight of <ddpe opy 1 Illustrate by the diagram the aid sflhrded bf 
eoavez spectacles. CCLXXIL WlististhedaiectofshortrSightsdpeo0s,siidi|rtM 
adrantages have such persons 1 
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gnt, it IB rather an advantage than othflrwiaei aa the individuala are thm^ 
giiled with a kind of microscopic sight ; for they can aee amaller objects thul 
are commonly discomed by others, and are merely obliged to hold them 
relatively nearer to the eye. Distant objects, however, can only be seen 
confosecUy ; and hence the advantage ai£ persona derive from concave 
apeciaclea. The nature of the assistanoe which theae gJasasa afibrd wfll 
wippeu from considerinf the following diapam. 

Fig^UOL 




2. Let C D, as before, represent a section of the crystalline lena^ then the 
rays from the object O will be rendered somewhat divergent in their passage 
tliioiigh the concave glass A B, so that the effect of the prominent eor- 
nea on them will be mminishfiill, and they will form a perfect image at R ; 
wfaeieaa if the concave gtoss were rero^ed, the raya would come to a 
focus before they reached the retina, and diverging again, the image wooid 
be confused. 

CCLXXIII. Microscopes are instruments for magni- 
fying small objects, and are of two kinds, Single and 
Compound. 

CCLXXIV. The single microscope consists of a dou- 
ble convex lens — such is the common sun-glass ; the 
glasses of spectacles for old people, the glasses used by 
watchmakers for examining fine work. 

CCLXXV. The compound microscope consists essen- 
tially of two convex lenses, the one towards the objects, 
called the object-glass ; that towards the eye, called the 
eye-glafis. The lenses are generally closed in a tube for 
the purpose of convenience. 

Bhutratum. The position of the glasses will be readily understood by in- 
specting the woodcut, fig. 151, on the following page. 

The object a is placed a little beyond the object-fflass &, and an inverted 
imaCB formed at c, which as the ra j[s proceed to <^ is magnified and after 
passmg though the lens c^ it is again mverted, where the rays erosa eadi 
other near the eye and is painted on the retina. 



niastrate the use of concave spectacle* by thedtegram, fig. 150. OOLXXHI. ,2^at 
are ndcxMoopea, and how many kindal CCLXXlv. Define the sbngle. CCIXXY. 
'Befinatfae eompMaid, and Uhutnte by the dUcram. 




CCLXXVI. The Solar microscope depends on the 
■unihine, and is used in a darkened room. It consists 
(rf a moveable mirror, a large double convex lens, and a 
small one. 

Awlrvlian. The bna of ttw pMti and Aat itlative poaliiHi mty be ub- 

Aiir»trH>J by ioapacting the ignre bekxr, iAkb o rspniwnM tba moTcibla 

BBHB tq noei*e the nyl of t& ■on, do; i i* tba krge double convex lens to 

• the fft to s focoB at a, and d tbs unill double cxKivai lecM to 

[ewbicbMioiialaiBe wbiteacni«D it & 




CCJjXXVII. Telescopei are instruments fot viewing 
distant objects, and are oi two Iiinds, Refractittg and iie> 



CCLXXVIII. In the first kind the iraaee of the object 
is seen with the eye directed towards it, and in the sectMid, 
the image is seen reflected from a mirror. 

CCLXXIX. The most simple refracting telescope con- 

CCLXXVI. DcAns Iha ulu micnwope. IQiuuuo tt h. tr. 162. CCLSXrtL 
"^^-i'^" iLK^^^^' iel(i«t*w, snd Out klada uwd. CCaJOtTHL DeSoa 
Mch Uod. CCUUOX. DeSna Uu ntaetlnf Uhmopt, ■ad UlDHnt* by ttw O. 
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sisU essentially of two conyez lenses, one towards thr 
object and called the object-glass, the other next the eye 
called the eye-gUss. The distance of the lenses from 
each other must be such that their foci will meet in the 
same point : or in other words the distance most be equal 
to the sum of their focal distances. 

JUuatraHan. See the woodcut below. 

Fig. 163. 




The above figure represents ihe glasses of the telescope without the tube, 
which though generally used isaot a necessary appendage to the instruinent 

To explain further the principles of the telescope ; kt the focus of the 
object-glass a, in the last ngure, oe 8 inches, and that of the eye-glasf h^h^t^ 
then the sums <^ their foci will be 10 inches, therefore the tMro ienaes mwl 
be placed 10 inches apart. 

To illustrate this subject still fiuther, let c e(, &c., represent the rays from 
some distant object as the moon, then the image formed by the ofaiJect-glBM 
a, and seen through the eye-glass b^ will have its apparent diameter very 
much magnified. 

With such a telescope the ima^ vrill^ with respect to the object, be in> 
verted, but in viewing celestial objects, this circumstance is m matter of no 
consequence. 

CCLXXX. The Terrestrial telescope is used to view 
objects on the earth in an erect position, and consists of 
an object-glass, and thrcQ eye-glasses. 

IliustraHon. The manner in which the object is made to ^^pur erect, and 
in whidi the rays are brought to a focus, may be learned nom the figure 
bebw. 

Fig. 161 




. CCLXXX. What Is the difference between the astronomiea) and the terrestrial 
Isl08oop«1 Dsseribe the terrestrial telescope. Ufautrate tl by the dta^nuB. 

13» 



o-iUAL marrMiatrm 



redeetod downwuii bjr i£ 




CCLXXXVI. The camera lucida was inTented by 
Dr. Wollaston, in 1807, for the parpoae of delineating 
distant objects, and for copying or reducing drawings. 
This instrument consists of a quadrangular glass prism, 
by which the rays from an object are twice reflected. 

JUudrotuml. IlBfbnniaahowDuifig. 158. The object d lobe traced iaop- 
poaite the peipendiculkr nuftoa of (he pham^ and the nys proceaduif; from d 
pass throiulraii surface, and foil on tbe inclined pline c, making an ang^ 
witb/of mn'fiom this they are leOectol at an equal angle to the plane a, 

— 1 leoflSe" with B, and are again reflected to the eye above iho 

1 angle of 671" with the last r " " 



g ihe papN' below lu this place, the image may be traced with a 

St In onfaff to iacreajH or diminiih Ihe size of the picture, the priam i* 
BHnmied in a bnas IVame Biipported by br*m tubes, capable of beina drawn 
out or ahortsned at pteasure. The pictura alwaya beara (he lame Teladat) in 
lue to the object hh the distance froni (he eye to the image or paper is to Ihe 
distance from the object to (be eye i hence by lengthening the tubes tha 
drawing is increased in size : it should be remarked, that bv litis prism no 

— 1 ..,._. > . . -. .1 _ .. r ., i^(,„ ([|g pjjgni as llw 

IS uBuallrlwo lulMs, oM 
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eooesvd imd tbe other convex, iti» former to be need in front at / for ihort^ 
eigfated penons^ the latter above at h for long-ivfl^te. 

Fig. 15a 







CCLXXXVII. The Magic Lantern, As an amu- 
sing as well as instructiye optical machine, there is 
hardly any superior to the magic lantern, invented by 
Father Kircher. It is composed, as shown in figure 
159, of a square tin box, containing a lamp, behind 
which is placed a metallic concave reflector a ; and 
in front 01 the lamp is a plano-convex lens b^ which 
receives on its plane surface the reflected light of the 
lamp, and concentrates it on the dbject, which is magni- 
fied by another lens c fitted to the extremity of a tube 
projecting from the lantern. The o])jects are painted on 
thin plates of glass, which may be passed through a nar- 
row opening in the tube between the two lenses. Tliis 

F«g. 160. 
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tube must be double, one end moving within the odieFy fo 
that the tube carrying the outer lens may be drawn back- 
ward or forward, till the object is in the conjugate focus 
of that lens. Then if it be turned toward a vertical screeiL^ 
a magnified image will be formed, as seen in the invertea 
cross ; and the further the lantern is withdrawn firom the 
screen, the larger will the object appear; but when the 
distance is considerable it becomes indistinct. 



ELECTRICITY. 

This subject will be treated under the following heads : — 

Common Electricity , 
Cralvanic Electricity^ 
Magnetic Electricity. 



COMMON ELECTRICITY. 

CCLXXXVIII. Electricity is comparatively a mod- 
em science. The ancients, it is true, were acquainted 
with a few detached facts ; they knew, for example, that 
amber (called in Greek electron) had the power of at- 
tracting and repelUng light bodies, after it had been rubbed 
in contact with a piece of woollen or silk. The amber, 
in consequence oi this remarkable property, was called 
an electric, and the phenomena presented by it were 
together called electricity. Afterward, other substances, 
having properties similar to amber, were discovered; 
among which are glass, rosin, sulphur, sealing-wax, &c., 
all of which were denominated electrics, and all those 
which could not be excited, were called non-electrics . 

CCLXXXIX; Electricity is supposed to be a subtile 
fluid, somewhat like caloric in its nature ; the earth and 

CCLXXXVTIL What knowledge had the ancients of electriei^r 1 WLatia'Md of 
amber 1 What is said of electrics and non-electrics 1 CCLXXXIX. Btfne elee* 
trici^. ^ - 
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e¥erj body with which we are acquainted^ contains a cer- 
tain portion of it, which exists on the surface, and in a 
latent or concealed state, so that we are not aware of its 
jpesencey until we take some means of exciting it. 

^^'^fhuiraHon, Thtu^ if a g^aM tube be rubbed in contact with a silk hand- 
lercfaie^ it will attract light subatancea when brought near, such as small 
fragments of paper, cotton, gold-lea^ Ac. ; and if the knuckle be brought near 
||ie tube while in this state, a small spark will pass from the tube to the 
hand, accompanied with a snapping noise, and a sensation like the prick of 
a pin. 

Experiment Suspend a light feather bf a piece of fine thread, and havinf 
excited the glass tube by means of alk, present it to the feather, which wHl be 
attracted, but on gently withdrawing and again bringing it near the feather, 
the hitter will be steadily repelled, so that it will be impossible to approach it 
with the tube ; after a while, however, it loses its repulsive power, and if 
again attracted and then repelled as bdore ; these two states may be under- 
stood by inspecting the accompanying wo<>d-cut : — 

Fig. 160. 




CCXC. It would be interesting to inquire, what takes 
place when we rub a piece of glass with a silk handker- 
chief? According to Dr. Franklin, the silk and glass, 
before being rubbed, contained an equal share of the elec- 

Define the jUmCntkin and eiperimeBt OGXG. Give Iht nttonale aecorcttiw to 
FianUin's dMiMy. 
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trie fluid, which was uniformly spread over the surface ; 
but when the two were rubbed in contact, the silk was 
robbed of a part of its electricity by the glass ; hence the 
former has less than its natural share, and the latter more ; 
if therefore, we present to the glass any body that has not 
been excited, it will receive from it its excess of electricity 
in the form of a spark, as proved by presenting the knuckle 
to the excited tube. But the silk may be made to exhibit 
the spark also after friction, by presenting it to an unex- 
cited body ; here, however, the spark passes from the body 
# to the silk, because the latter being robbed of its fluid by 
the glass, has really less than it had at first, and will take 
it from any body that has its full natural share. 

CCXCI. From the above remarks, it appears that 
electricity has a tendency to difiuse itself uniformly over 
the surfaces of all bodies. This is called its tendency to 
an equilibrium; and electrical experiments are nothing 
more than the difierent methods of disturbing this equi- 
librium, or, in other words, robbing one body of its electri- 
city to give it to another. 

Experiment 1. Excite the glass tube, (as in Exp, Prop, cclxzzix.,) and 
cause it to repel the feather ; while in this state, rut) a stick of sealing-wax 
or roll of sulphur, in contact with flannel or woollen cloth, and present it to 
the feather, it will be attracted and fly to it 

2. Now reverse the expmment, and having electrified the feather by the 
sealing-wax, bring the excited glass near it, and instead of being repelled, it 
will be attracted. 

Observatum 1. These experiments show that the electricity excited in the 



glass, differs from that excited in the sealing-wax, inasmuch as bodies re- 
pellea by the former, are attracted by the latter ; and vice versa. 

2, Hence bodies bavins the same kind of electricity, as was before shown, 
(cclxxxix.,) repel each other, while those having difierent kinds attract each 



other. 

CCXCII. Du Fay, a French electrician, explained the 
above facts, by supposing there were two distinct electric 
fluids, one naturally belonging to the sealing-wax, resin, 
and all resinous bodies, and the other belonging to glass, 
and all vitrified or glassy bodies : the former was accord- 
ingly called resinous electricity, and the latter vitreous ; 

CCXCI. What is the tendencyof electricity? Describe expeiitmtiM I axid SL 
What do they prove) OCXCIL what is the ttferenoe from AJMi'JBMitetiitsI 
CCXCn. How did Du Fay expUn them 1 ^^- -^r- 
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but the terms negative and positive are more generally 
used at the present time ; the former corresponds to the 
resinouSy and the latter to the vitreous. The feather elec- 
trified by the ekcitcd glass, is said to be in a positive state^ 
while that by the sealing-wax is negative. 

CCXCIII If the glass when rubbed by the silk be 
positive, by robbing the silk of a portion of its electricity, 
the silk is necessarily rendered deficient or negative; 
hence we have developed another electrical law, which is, 
" that one kind of electricity cannot be produced without 
the other," and that when the body becomes positive, 
fiome part of the exciting arrangement must be as highly 
negative. 

lUuatratUm, When silk is rubbed with glass, the silk is negative and the 
£[la86>pe8itive: when flannel and sealing-wax are used, ths former iapo»> 
UTe, and the latter negative. 

CCXCIV. There are a number of familiar instances of 
electrical phenomena. 

lUustrcUion 1. If the back of a cat be rubbed at night, especially in clear 
and cold weather, you will observe sparks, accompanied with a snapping 
noise and a pricking sensation in the hand, from the electricity developed by 
the friction, 

2. Another familiar example is frequently noticed. When taking off 
clothing, and especially silk which has been worn next to the skin, sparks 
have b^n known to come from the silk, accompanied Mrith a snapping noise. 
This is often seen in drawing ofT a silk stocking in cold and clear weather; 
in consequence of the silk becoming highly negative by the friction, a spaik 
will pass from the foot to the silk to restore the equilibrium. 

CCXCV. The most abundant natural source of elec- 
tricity is in the atmosphere and earth, and is often ex- 
hibited in the form of lightning, during thunder-storms. 
This subject will be further noticed under the head of 
lightning. 

CONDUCTORS AND NON-CONDUCTORS OF ELECTRICITY. 

CCXC Vf . Those bodies which allow the electric fluid 
to pervade their whole surface, when an electrified body 
is brought into contact, are called conductors of electricity, 

CCXClILWbat law is deveIop<'cl by rubbing glass and silk 1 Give the illustration. 
OCXCIV. wM experiment is referred to with cat's fur 1 What experiment witli a 
■itt stsAggJliyi nedl CCXCV. What is siadof the atmosphere? CCZCVL 
Peflae eoiMfllP and aon-eoiMtaetors. 
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while those which will not transmit it beyond the point 
of contact, are called non-conductors. 

Fig. 161. 



Sxperiment. Suspend from the ceiling by a silk thread, a bar of metal as 
)en m the wood-cut, and in a similar manner suspend a glass tube or rod 
tft similar dimensions ; excite another glass tube and bring it in contact with 
ona end of the metal, which will receive a slight spark, and on approaching 
the opposite end with n feather, or some other lignt body, it will be imme- 
diately attracted, showing that the electric fluid which had been comrouni- 
eated to one end of the bar, had traversed the whole length, by means of the 
conducting power, of the metal. If we attempt the same experiment with 
the similarly constructed glass bar or rod, we shall find that tno fluid com- 
municated to one end of tne tube, cannot be perceived by approaching the 
other with a feather, proving thereby that the glass will not conduct the 
electric fluid over its surface. 

CCXCVII. The metals are by far the most perfect 
conductors ; next to them, well-burnt charcoal and black 
lead ; then strong acids, such as oil of vitriol, aquafortis, 
&c. Water, rarefied air, most vapours, earthy bodies, 
and metallic ores, are imperfect conductors. 

CCXCVIII. Shellac is the m.ost perfect non-conduc- 
tor : sulphur, sealing-wax, r^sin and all resinous bodies, 
glass, raw and bleached silk, dry air and baked wood, are 
also non-conductors. 

CCXCIX. Any b^dy is said to be insulated when 
placed in such a situation as to be surrounded by non- 
conductors. Thus, the metallic bar in the experiment 
last described, which is in contact with nothing but silk 
and dry air, both non-conductors, is said to be insulated 
A person may be insulated by standing on a stool sup- 
ported by glass legs. 



Describe the experinipnt with metal ftnd glass ro<l. CCXCV1L llsaeribe tb» 
different conductors in their order of condufting power. CCXtfVWrJi P as crtb a dM 
non-conductors in the same manner. CCXCIX. What is widenloat If InnlaCiDB. 
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ELECTRICITY BY INDUCTION 

CCC. When a glass tube is excited (as in the experi- 
ment under proposition ccxci.) and brought near a feather 
or other light body, the latter is thrown into an opposite 
electrical state ; that is, if the tube be positive, the light 
body will be negative, and vice versa. The light sub- 
stance thus excited, is said to be electrified by induction. 

ObservaHon, Electricity by induction is always produced when an ezciled 
body is brought near another body unexcited. The same effect is produced, 
if one side of a non-conductor receive one kind of electricity; the oppoata 
ttde is thrown into the opposite state by induction. This will be further 
azplained under the Leyden jar. 



F%. 162. 



ELECTROMETERS. 

CCCI. An electrometer is an in- 
strument used for showing when a 
body is electrically excited. It is made 
in a variety of shapes; one of the most 
common is that represented in the ac- 
companying wood-cut, in which a glass 
rod, bent in the proper form, and in- 
serted into a wooden base, supports a 
couple of pith balls, which are sus- 
pended by delicate threads of white 
silk. When an excited body is pre- 
sented, the balls will be first attracted ; 
but acquiring the same degree of elec 
tricity as the excited body, they will 
sodn be repelled as seen in the ngure. 

CCCII. One of the most useful, simple, and easily 
made, is constructed by suspending two very light and 
downy feathers by two threads of raw silk, from the ceil- 
ing, or some other convenient place. The threads should 
be at least four feet in length, and when unexcited will 
hang together, but on approaching them with an excited 




OOC. Wtaat is meant by electricity by induction 1 Wbat obsenradon tUuslxatea 
tha 8iib)*at CCCL Uefine electnuaetera. COCa Describe the aiost simple cobp 
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Slass lube, they will first fee attracted, but both acquiring 
le same kind of electricity, they will soon be repelled. 

CCCIIL For still more delicate purposes, the gold-leaf 
Fiff 163 electrometer of Bennet is substituted; it is 
generally enclosed in a glass jar, and consists of 
a brass cap and a connecting wire, which passes 
through the cover, and terminates in two strips 
of gold-leaf, as seen in the accompanying 
figure. I have seen the gold-leaves diverge, 
by bringing an excited glass tube within five 
or six feet of tlie brass cap* 

CCCIV. There is a fourth kind of electrometer, called 
the quadrant electrometer, as seen in the wood-cut. The 

stem is made of wood, and the semicircle 
of ivory, the lower half of which is divided 
into ninety degrees; from the centre of the 
semicircle hangs a rod of light wood, with 
a knob of pith or cork at the end, ta serve 
as an index. 

If this electrometer be placed in contact 
with any body to be electrified, the index 
will rise as the electric fluid accumulates, 
until it point to ninety degrees, which indi- 
cates the greatest intensity of which the^^ 
instrument is susceptible. 



Fig. 164. 




ELECTRICAL KACHINES. 

CCCV. The electrical machine is made in a variety 
of forms, but there are two kinds in general use, the cylin* 
der and plate machines. 

Illustration. The figure 165 represents a glass cylinder G C, from 10 to 16 
inches in diameter, and about twenty inches in length, supported so that it 
may turn on its axis, on two pillars of glass, fixed to a wooden stand. Two 
metallic conductors, P N, equal in length to the cylinder, and about one third 
of it8 diameter, are fixed parallel with it on either side, upon two glass pil- 
lars, which are cemented into two separate pieces of wood sliding in grooves 



CCCni. Describe Sennet's electrometer.. CCCIV. Describe the quadrant elee* 
trometer. OCCV. Describe tiie eleetrical Bteohine.. Give tin ttiOMaiieii of Hit 
cylinder maeliinek. 



■s Ibmt Iber nar ^ mpectnlj aijatud at anjr diiMnea frooi tha crfiadM 
tcquiceil. To one of ihtHe cooductots N, ia atloched ■ cughiou, in inch utd 
a balf wide, nnd (boat as long aa the cylinder, agalnal which it maf b* 
mads to pren by mean* of a hent airing i and to ihe upper pari of il itMwtd 
■ Oap of ailed lilk, wliich eilends loowiyover the cylinder, lo wiltiin an inoh 
of ■ row of brass pins or poinled wires, proceedina Itoni Ihe udeaf the oppo- 



a nap 01 ojiea suk, wiiica eitenas jooseiy over tne cyunoer, 
of ■ row of brass pins or poinled wires, proceedina itoni Ihe 
Mie conductor. The condiiccor to which iha cuanion is s 

the negative conductor i and the other, which by means of..- , 

decthcity from the glass, is tiamed [ha positive conductor, and also 
prinM conductor. The cyUndei may be made to terolve in the directioi 
Ihe silk Bap, nmplj by > winch GiLed (o it, or by a multiplying whasl W. 



ler, to WLitun an ma* 

the ude of the oppo- 
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leans 01 lis points collMla 

conductor, and also ih« 

directioa o( 
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CCCVI. When it is requisite to obtain positive elec- 
tricity, the cushion or negative conductor must be con- 
nected with the wooden stand of the machine, by a chain 
01 wire, and thus the electric equilibrium of the rubber ia 
restored by the earth, as fast as it is disturbed by the 
action of the machine ; but the opposite positive conduct- 
or beins insulated, cannot return to a state of equilibrium, 
except by the actionof the wire. If it be required to pro- 
duce electricity, the cushion must be insulated by remov- 
ing the chain, and attaching it to the prime conauctor P, 
whence the positive electricity will pass to the earth, and 
the conductor N will become negatively electrified, 

CCCVII. The plate electrical machine, eonsists of « 



ta fhu of gUts of ifae kind uaed in making loakiM 
■Immi ; it ii cat into a circular tana, a hole is hmw 
Umogfa ila centre, and an axis passes through it. It ii 
dteo monnted on wocden pillars or framework, with iha 
azia horizontal, like a com oioa grindstone. The nibbm 
•re filled on each side of the plate, and the prime con 
ductor near its circumfeience ; this is uaed in the saint 
manner as the cyhnder inachtne. 

CCCYIII. To put the electrical machine in good aider, 
eTery part most 1^ dry and clean, because dual or moist- 
ure would, by its conducting power, difiuae the electric 
fluid as fast as accumulated. To increase the effect an 
ntnnlgam made by mixing one part cf metallic antimony 
in a melted state with two of quicksilver, healed nearly U> 
the boiling point — and making them into a stiff ointment 
with lard — the rubber ia corered with this amalgam. 

CCCIX. Both the tr^linder and plate machines ai« id 
general nae ; but for oidinaTy purposes, the fonner is pre- 
ferable; aa it is more sim^de in. its conatiuction, and m(«« 
eaaily maiuged. 




CCCX. By meaiu of attraction and lepulaion, a great 
•aiiety of elegant and amusing experiments may be madn 
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whh the electrical machine. Among the moiit sirikinfj of 
these is the head of hair, which stands on end when ex- 
cited, in consequence of the repalsion of the similarly 
electrified liairs. A similar experiment is made by placing 
a person upon ihe insulating stool, in connexion with the 
pnme conductor of the machine as seen in figure 166. 

CCCXI. The electric bells, the pantomime dance, the 
electric %-nheel, the electric onery, luminous word», 
ice, are all highly interesting and amusing experiments. 

CCCXII. The electric bells consist of three or more 
floiall bells as seen in fig. 1 67, suspended from a conduct- 
or by brass chains, witli balls to act as clappers, suspended 
by silk threads between the bells — the middle one of 
which communicates with the table by means of a chain 
to carry off the excess of the electric fluid as fast as re- 
ceived. Thus the insulated ball will vibrate backward 
and forward to the electrified and to the non-electrified 
bell, as soon as the machine is put in motion. 

Fig; 167. Fig. ISa. 
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CCCXIII. The pantomime diuice is generally performed 
by preparing images of men and women in pith or paper, 
and placing them on a brass plate b, connected with the 
ground, and having another plate a, a little above it sus- 
pended from the prime conductor, as seen in fig, 168 ; on 

OCOZa DMetlb*tka<i*Wd>b*Ik. OCCXm. DtrilM On ihniiHn StMi—. 
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turning the electrical machine, the figures will more 
rapidly from the one to the other plate. 

CCCXIV. The " Luminous Letters^ are nothing more 
than pieces of tin-foil cut out in the form of letlers, and 
pasted on a pane of glass, so that the letters will be very 
near each otner, but not in contact ; and on connecting 
one extreme of the word or words with the prime con- 
ductor, and the other with the hand or some some good 
conductor, a spark drawn from the conductor, and passinff 
over the letters, will render them luminous, as represented 
in the wood-cut below. 

Fig. 169. 

RBBMHV CUCTWCfTYBHBaMBaHMal \ 
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CCCXV. A light float-wheel, the vanes of which are 
made of card paper, turning freely on a pin passed through 
its centre as an axle, will be put in motion by presenting 
to it an electrified point, apparently in consequence of the 
impulse of the stream of air which issues from the point. 

ULuMraiioiu Whether the point be positively or natively electrified, the 
direction of the motion, an well as of the stream of air, is always the same. 
But if the wheel be placed on an insulating stem, as in the figure below, and 
introduced between the pointed wires of the universal discharger, which are to 
be placed as accurately as possible opposite to each other, and at the distance 
•f an inch or more from the upper vanes ; on connecting one of the wirat- 

Pig. 170. 




eOCXIV. Describe the lamfaioas tetten. OOCXV. Daacribe the ittoatwlnii 
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with die positive, and the other with the negative conductor of an electrical 
machine and exciting it, the wheel will move as if impelled by a stream from 
the positive to ihe negative wire. On reversing the connexions, so that the 
electricity of each wire is changed, the motion of the wheel will likewise be 
reversed. 

CCCXVI. The Leyden jar, from its extensive uses in 
electrical experiments, and the annusement and instruction 
it affords, merits a particular description. The applica- 
tion and uses of this instrument, like many other valuable 
discoveries, were the result of accident. 

Observation, Duiing the middle part of the 18th century, while the subject 
of electricity was acquiring considerable notice ih Europe, an association of 
scientific gentlemen at Leyden were amusing themselves with electrical ex> 
periments, during which, it occurred to one of them to charge a tumbler of 
water with electricity^ and learn by experiment whether it would afiect the 
taste. Having directed a current of electric fluid for some time into the 
water, he grasped the tumbler and brought it to his lips, bjt before he could 
taste the water, he received the full charge of electricity in the extremity of 
his nose, which happened to be very prominent Consternation seized the 
whole company, ana various exaggerated reports were spread throughout the 
eountiy, oi the wonderful discovery and tremendous efiects of the electric 
shock. Jars of watei were at first used, but it was at length, proposed to 
use some substance that was a better conductor ; and the jars were partly 
fiUed with metallic filin£rB» Subsequently, however, tinfoil was substitutea 
for the metal fibnga^ and this arrangement is now in general use. T 

Fig. 171. CCCXVII. The Leyden jar is generally 

A made by ooatinc externally and internally, 
a wide-mouthed glass jar, with a wire 
passing through its cap and extending to 
the bottoni. The top of the wire is sur- 
mounted by the brass ball A, as seen in 
the wood-cut. 

CCCXVIIL To charge the jar, nothing more is ne- 
cessary than to present the brass ball A to the prime con* 
ductor of the electrical machine, while the fatter is in 
action. The outside of the jar is generally either in con- 
nexion with the earth, by means of a chain or with the 
rubber. 

In order to discharge the jar, we use a discharger as 
represented by B in the wood-cut. The discharge is 

CCCXVI. How was the Leyden j&r discoveredl What kind of jars were first tai 
nsel What was at length substituted 1 CCCXVII. How are the Leyden Jars fen- 
eraUy made 1 CCCXVTlL How i« it charged, aod how discharged 1 What renaf^ 
|i miUte with regard t»> coanecting the ooter coating with, the eaict*)^ ) 
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made by presenting one of the knobs a to the outside 
coating, and the other to the brass ball A, as in the position 
represented m fig. 171. 

ObservaiioTu It is generally stated Id the books, that in order to charge 
the jar successAilly, the outer coating should communicate by means of a 
chain, or some metallic conductor, wiih the earth ; but it is much better to 
have the outer coating by means of a chain, in connexion with the rubber; 
by which means, the outer turfiice will become highly negative^ while the 
ioner one becomes hi^^y povitive. 

CCCXIX. If, when we have charged the jar, we hold 
the exterior coating in one hand, and touch the knob with 
the other, the spark passes as before, and we perceive a 
pecuUar, and in some cases, painful sensation at the wrist 
and elbows and- across the breast, called the electric shock. 
Any number of persons can receive the shock at the same 
time, by forming themselves in a circle communicating 
with each other, and letting the first touch the outer coat^ 
ing of the jar, and while his hand rests in contact, let the 
last one bring his finger to touch the knob, every person 
in the connexion will feel the shock at the same msiant. 

ObaerviUion. The shock has been made to traverse a distance of four 
miies^ without p^ceptible lapse of time ; hence the motion of the electric fluid 
must be incalculably rapid. 

CCCXX. It is natural to suppose, since we are com- 
pelled to coat the jar in order to charge it successfully, 
that the electricity resides in the coating ; but it can be 

E roved to reside in the glass only, for the coatings may 
e rendered moveable, and thus we can analyze the jar. 

Experiment. To a common quart tumbler, of the shape represented in the 

flgvlre^ fit an inside and outside coating of common tin plaie, so that the 

glass shall project considerably above the coatings. To the 

Fiff 172. '^^^^.^'^ ^^ ^"6 inner coating solder a piece of metallic wire^ 

^^i^ having a knob on the other end, and let the wire be bent into 

I O the form of a hook, for convenience in removing it. Having 

charged the jar in the usual way, remove the inner coating by 

means of a glass rod, and set it upon a tabl6 ; now remove tm 

tumbler by means of the thumb and finger, touching it only on 

the edge, and while vou hold the glass in one hand suspended, 

the coatmgs may be brought in contact and handled when they 

indicate no si^ns of electricity; return the coatir^ in their 

place, and the jar may then be discharged in the ordinary way ; 

CCCXIX. What is said of the electric shock, and the number that can receive it 
at tlie same time, and how is it accoinplished 1 Throuf h wliat apace has it been 
passed, and what is said of U1 CCCXX. Where does ^e electricity r«ride im the 
•eydenjar. How proved? 
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iImw provmg that Urn thnigt resides in the glass, and not in the coatinflt.' 
The principhl use of iho coatings is to act as conductors in spreading um 
electricity over the surface. 

LIGHTNING USD ITS PHENOMENA 

CCCXXI. It was before stated that lightning was the 
most fruitful source of electricity, and though it had long 
been suspected that electric sparks produced by the com- 
mon electrical machine, were the same as the flashes of 
lightning so often witnessed in the thunder-storm ; yet, 
until the celebrated experiment of Dr. Franklin, in 1762, 
no one had been able to prove it. 

ObaervaiioTL Dr. Franklin, a few years previous, in correspondence with 
Mr. Collinson of London, proposed to erect a spire of meul forty or fifty feet 
in height, and let it come within ahout two feet of the ground, being sup« 
ported by some imperfect conductor, and to watch this spire during a thun- 
der-storm, supposing that if the lightning were identical with common 
riectricity, it would be conducted down the spire, and pass in sparks to the 
ground ; but in June, 1752^ while waiting for the erection of a spire in the 
dty of Philadelphia, the sight of a bo3rs kite, which had been raised for 
amusement, immediately suggested to him a more expeditious method of 
obtaining his object. 

Having constructed a kite, by stretching a silk handkerchief orer two 
sticks in the form of a cross, on the approach of the first thunder-storm, he 
went into the field accompanied by his son, to whom alone, for fesrof ridi- 
cule, he had imparted his design. Having raised his kite, and attached a 
common door-key to the lower end of the hempen string, he insulated it by 
lengthening it out with a short piece of silken cord, which was a non-con- 
ductor, and this was tied to a post. Under these circumstances, he waited 
with intense anxiety for the result. Some time had now elapsed, and no 
•igns of electricity appearing, though one or two clouds had passed in the 
vicinity of the kite; ne was just beginning to despair of saccess, when his 
attention was caught by the bristling up of the loose fibres of the string ; he 
applied his knuckle to the key, and was rewarded for his labour and inge- 
nuity by the first electric spark that had ever been drawn from the clouds to 
prove the identity of lightning and electricity. Overcome with the emotion 
mspired by this decisive evidence of the great discovery he had achieved, we 
are told that " he heaved a deep sigh, and would have been content if that 
moment had been his last," for he was confident that his name would be 
immortalized by the discovery. The rain now fell in torrents, and wetting 
the string, rendered it a good conductor, so that electric sparks were drawn 
in abundtance, with which the Leyden jar was charged, and all the most 
common electrical experiments performed. It shoulcTbe noticed, however; 
that about a month previous to the experiments of Franklin, Dalibard and 
Delors, two French philosophers, had obtained similar results by the erec- 
tion of spires, agreeably with Franklin's recommendations ; but the honour 



CCCXXI. What is said of lightning and electricity 1 What did Frauklin propose 7 
What led him to make the experiment with a kite 1 How was the experiment with 
the kite made, and what were ike circuiuKtances 1 What is said of Dalibard and 
Delors 1 
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of the discovery is nnivereaUy eiven to FrmnkliD, as it was from Uft M^ 
giestions and reoonunendations that they were enabled to accomplish mat 
purpose. ^ 

CCCXXII. Lightning is the result of the accumulation 
of large quantities of electricity in the atmosphere ; some- 
times one cloud is in the positive state, while another ap- 
proaching it is in the negative state, and when they have 
approached sufficiently near, the spark will pass from the 
positive to the negative cloud, producing the flash of 
lightning. In the space occupied by the nash, the air is 
suddenly and forcibly separated, and. when it comes to- 
gether again, produces a report which we call thunder, 

CCCXXIII. Sometimes the cloud in a positive state, 
instead of approaching a negative cloud, approaches the 
earth, which happens to be negative, and then the flash 
passes from the cloud to the earth : in this case, some 
object is always struck, which i$ generally the highest 
object and best conductor ; hence high buildings, such as 
steeples of churches, tall trees, masts of vessels, &c., are 
generally the objects injured or destroyed by lightning. 

CCCXXIV. Notwithstanding the facility and danger 
of making these experiments, yet only a smgle case of 
death is recorded in repeating them, and that was the late 
Professor Richman, of St. Pctersburgh, who approached 
too near the lower part of an insulated spire during a 
thunder-storm. 

Obaervaiioru He was examining the electrometer, which was standing 
near the lower extremity of the rod, when stooping a little to look more 
closely 8t the phenomena, a large globe of electric fire flashed from the con- 
ducting rod to his head and paraed through his body, destroying him iar 
stantly. A red spot was produced ui)on his forehead, nis shoe was burst 
open, and a part of his vest singed ; his companion was for some time icDf 
derea senseless ; the door of the room was split and torn off its hinges. 

CCCXXV. The most important, and therefore most 
interesting application of the theory of electricity, is in 
the u«e of lightning-rods to protect buildings, ships, &c. 
The lightning-rod is generally a thick rod of metal, ar- 

CCCXXn. WThat is Hehtnincl What is thunder? CCCXXm. W>iat causes the 
Uffhtningtostrike? COOXXIV. VSTliat is said of Professor aichmani CCCXXV. 
What are lifhuiing-rods t 



J beaide the building, which it ii 
a protect ; it should be pointed at each eztremi- 
^, because points receive and impart the -electric fluid 
silently. The upper end should project above the highest 
pan of the building, the other should penetrate deep in the 
earth, or in contact with water. Iron is generally used 
because it is cheaper, but copper is better, because it does 
not 80 easily rust. The part that projects above the build- 
ing generaOy terminates in a number of points, thus : — 




and these are generally of silver, gold or platinum, because 
those metals do not rust The rod should be half an inch 
in diameter. 

CCCXXVI. People are often led to inquire what are 
the best means of safety during a thunder-storm ? If out 
of doors we should avoid trees and elevated objects of 
every kind ; and if the flash is instantly followed by the 
report, which indicates that the cloud is very near, a re- 
cumbent posture ie considered the safest. We should 
avoid rivers, ponds, and all streams of water, because 
water is a good conductor, and a person on the water, as 
in R boat, would be the most prominent object, and there- 
fore most likely to be attracted by the lightning. 

CCCXXVII. If we are within doors, the middle of a 
large carpeted room is tolerably safe ; we should avoid 
the chimney, for the iron of and about the grate, the soot 

Howu* rhejconBlruetedl Wtul meul ii eFnenll; n»d1 Wliu I* lb< bai^ 
^au^ why t Whu l* nwd ibr itie poinu t CCtJxXVI. Wham la ibe wiOtwi pkM 
while am of door. In ithniidiirjlorai) CCC3UCVU. Whu™ I* As mliMt piMa 
tBItKboDHl WhalpluuibouldbaBTol'tedl 
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that often lines it, the heated and rarefied air that it coiH 
tains, are all tolerable conductors, and should on that ac- 
count be avoided, lest they should be attracted by the 
lightning. 

CCCXXVIII. It is never safe to sit near an open 
window, because a draught of moist air is a good con- 
ductor, and should therefore be avoided ; hence we should 
close the windows on such occasions, as well for avoiding 
the lightning as the rain. In bed, we are comparatively 
safe, for the feathers and blankets are bad conductors, and 
we are, to a certain extent, insulated in such situations. 
All these precautions are generally considered unnecessa- 
ry in buildings well defended by fightning-rods. 

CCCXXIX. There is a variety of amusing expeii- 
ments for illustrating the effects of lightning upon build- 
ings, by causing electricity to pass through the model of 
a house, a powder magazine, &c., exhibiting in miniature, 
the effect of lightning upon buildings. 

CCCXXX. There was, at one time, much discussion 
amongst electricians respecting the relative advantage of 
balls and points in constructing lightning-rods ; but agreea- 
bly to Dr. Franklin's original recommendation, points are 
now universally adopted, because they conduct away the 
electricity silently. To prove the correctness of'^ this 
opinion. Dr. Franklin proposed the following experi- 
ment : — 

Experiment, Attach one or more large flocks of cotton to the prime con- 
ductor, so as to resemble electrified clouds; when a point is made to iq>- 
proach them they collapse, recede, and quickly lose their electricity ; when« 
on the other hand, they are approached by a ball, they are attracted towards 
it, and the electric charge is very slowly dissipated. 



CCCXXXI. The aurora horealis and aurora australisy 
or the northern and southern lights, are supposed to be 
caused by currents of electricity passing through the 
higher regions of the atmosphere to or from the earth, in 

CCCXXVni. Wliat Is said of silting near a window 7 CCCXXIX. What erperi- 
ments referred to with houses, powder magazines, &c. CCCXXX. Why are point* 
urefernble to balls in constructing lighminx-rods 1 What experiment was proposed 
by Franklin % CCCXXXL What is said of the aurora borsalis and the auioza aus> 
tralisi 
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trhich case it must pass through such strata as are highly 
rarefied. 

ObgervaUon, This opuiion is Btrensthened by the foot that the electrio 
fluid will pass through an exhausted glass vessel, exhibiting much the same 
ajppearance as the light of the north. Shooting or falling stars are also con- 
aMMved to be electri<»d phenomena. 



GALVANIC ELECTRICITY — GALVANISM. 

CCCXXXII. The term galvanism is used to denote 
the electricity produced by the corroding action of various 
materials on plates of different metals, such as that of oU 
of vitriol upon iron or zinc. 

CCCXXXIII. The common experiment of putting a 
piece of zinc on the surface of the tongue, and a piece of 
silver under it, and letting the edges come in contact over 
the tip of the tongue, was described by Sulzer, a German, 
in 1 767, and was the first notice of any fact that comes 
under the denomination of galvanism. In this experiment, 
the moment the metals come in contact, a peculiar taste 
18 perceived, and if the eyes be closed, a flash of light at 
the same instant. 

CCCXXXIV. No other fact of this kind was made 
known until the novel and wonderful experiments of Gal- 
rani, the professor of anatomy in the university of Bo- 
logna, in Italy, from whose name the term galvanism is 
derived. 

Observaiion, The discovery was entirely accidental, as the following cir- 
cnmstances show. It happened in the latter part of 1789, that Madame 
Galvoni, then an invalid, was advised by her pnysician to take, as a nutri- 
cious article of diet, soup made of the flesh of frogs. Some of these animals, 
recently skinned for that purpose, were lying upon a table in the professor's 
lecture-room, near which a pupil was amusing himself by experiments with 
the electrical machine. While the machine was in operation, he happened 
to touch the leg of one of these animals with the blade of a knife which he 
held in his band ; the whole liibb was convulsed at every spark taken fix»m 
the machine. Galvani, it appears, was not present when this happened, but 
leoeiTed a fiuthful account of it from his lady, who had witnessed with much 

CCCXXXn. Explain tbe-termffalvanism. CCCXXXni. Deacribe the experiiMnt 
with ailver and zinc. CCCXXXIV. What led to the dbeoveries in the seisiwe of 
gahrauusml Give the historj of the discovery. 
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istarest, the wfaola oocuirenoe. Galvani lost no time in rei>e&ting thaeiperf- 
mente^ and in enJnining minutely into all the drcumetanoea connected widi 
them. 

CCCXXXV. The neryes and muscles of animals are 
most easily affected by the galvanic influence. 

EsptrimeiU L Place a living fros or a flouider upon a plate of zine^ and a 
pieoe of copper upon the upper sunaoe of the animal, and connect the two 
Djr a piece of copper wire ; every time the connexion is made the animal is 
convulsed by the ebock. 

2. Let a person eo into a dark room, put a piece of silver upon his tongue^ 
and press a piece of tin-foil against the elobe of the eye ; by making a com- 
munication between the two by a small piece of copper win^ at ewetj oaih 
tact a flash of light will be percdved in the eye. 

3. Cut out a large disk of zinc, and a smaller one of copper, thnfl 

Pig. 174. 




Moisten the surfaces of the metals, having polished or scoured them so m 
lo produce a clean metal surfiice, and place the smaller one upon the laiger. 
and upon the former put a common leech, the galvanic ahock produced 
whenever the animal attempts to escape over the zmc, will be so great as to 
baflle all his efforts. 

CCCXXXVI. By repeating and varying the experi- 
ments, Galvani soon found that any two metals would 
answer for his experiments, but that it was necessary to 
have one easily corroded, while the other was corroded 
with difficulty, and such were silver and zinc, but as silver 
was expensive, copper was at length used in its place. 

CCCXXXVII. Galvani considered the nerves and 
muscles of animals in opposite states of electricity, and 
that the metals merely served as conductors to convey 
the electricity from the one to the other. 

CCCXXXVIII. His experiments were confined to the 



«i_ 



CCCXXXV. Wliat is nid of fftUvanic influence on nerves and mnseles Y Describe 
the experiment with a frot;. Describe that with the silver and tin foil. Describe 
the experiment with the leech. CCCXXXVI. What was the result of varviog the 
experiment 1 CCCXXXVn. What was Galvani's tttMryY COGXXX VOL What 
fna the extent of his eaperhneBts f 
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action of the galvanic influence on the animal system, luch 
as the production of shocks, &c. The instrument used 
was a single pair of plates, and those of small size, con- 
sequently ihe effects produced were small, compared with 
later results. 

CCCXXXIX. The most simple galvanic instrument 
is formed by placing a plate of zinc near another of cop- 
per, in a vessel of water con tain- 
Fig. 176. jng a jjj^ie QJi Qf vitriol, and solder- 
ing to each a piece of copper or 
other metallic wire, the opposite 
ends of which may be brought to- 
gether at the will of the experi- 
menter as seen in the wood-cut, 
in which z represents the zinc, and 
c the copper plate. 

CCCXL. These three substances, namely, the copper, 
the zinc, and the acid liquor, form what is called a ^tm- 
fle galvanic circle^ and the wires which lead off from each 
of the plates are called the folts of the battery — one being 
positive, the other negative. 

CCCXLI. If, while the ends of the wires which form 
the poles are uncwinccted, their electrical state be exam- 
ined, that connected with the copper plate will be positive^ 
and that connected with the zijic^ negative, 

Obaeroation 1. This illustration is directly the reverse of those ^ven in 
many of the books where we are taught to say the zinc is the positive and 
the copper the negative pole of the battery. The true explanation is, the 
acid about the zinc plate acts upon it and corrodes it, venerating a quantity 
of electricity, and tending to render the zinc positive, but as soon as any 
electric fluid is excited, it is carried ofTb^ the acid in contact, to the copper 
plate, where it would accumulate were it not for the fact that the wire n-om 
the copper plate is a good condvctor, and the excess of electncity in the 
copper |)late c will be constantly transmitted along the wires in the aire»ctK>n 
of the arrows to z: hence, in all simple galvanic circles, the pK)le connected 

" with the zinc is negatiye. 

for the purpose of insu- 

copper, also insulated, on 

CCCXXXIX. How is a simple galvanic instrument constructed? CCCXL. Da- 
scribe a siuiple galvanic circle and the poles. CCCXLL Which is positive and which 
negative 1 How does this illuftration correspond with those generally given 1 Give 
the true explanation of the phenomena. Describe the experiment with the innlaCed 
iSsk of :^tc and copper. 

15* 
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poalive, and in the copper to be D^ndve. 

CCCXLII. A flingle galvanic eircle, such as that above 
dOBcrlbed, would not be sufficiently powerful to produce 
any remarkable effecls ; but it may be increased to any 
extent, by increasing the number of pairs of plates, anct 
forming what is called a compound circle 

mtulration. Thus haiin|! imngcd many Bimple drcles, luch u ihal 
docnbed in I're^. cccxxiii., if ths copper of the fini pail or circle bs 
■oldered to (he zinc uf the Becood by means of a melallic connexian, and 
tike coppet of the second to the zinc of the thud, and so on u eecn in tha 
•eaunpinying figiue, the accumulated elecnicity in the line of the fini ctV' 
Fig. 176. 




ii Iran«milted ibrongh the h^d to tbe copper of the firR cnp, and by rneaaa 
•r the metallic BDap to the zinc of the second; and in the Bane manner, ihe 
•opper of the second transmits sll ihe eJeclncily of its own pair, as nril u 
air that il received from the Srsi, i<i the zinc of the third pair; and tbu« th* 
whole of the electricity, generated by a large battery, ia accumnlaled at tfa* 
copper or poailiTe end sf the battery, moving in the direction of the uivwi^ 
as Been in the figure. 

CCCXLIII. The first instrument, formed byuniUng 
many siinple circles, was invented by Alexander Yolta, 
professor of natural philosophy at the university at Pa- 
Tia, in Italy, and denominated the Couronne de Tasses. 
He was the pupil of Galvani, and was among the first 
to repeat his experiment*. 

CCCXLIV. The first instrument invented by Volta, 
and by which he proved the identity of common and gal 

CCeXlA Ilow)t[KaeODi|WDiHtntmilEclic)ilDriBed1 DeacHbetlieiHiultMloi 
kvflnSgar*. V«xaim. WiM 1» hM of ViriMI CCGXUV- What is Said ■( llw 
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▼anic electricity, was denominated the pile, and in honooi 
"''" '' :, the Voltaicpile. 

Bbutratim t. This inMnimsnt » fonatA hy pT*- 
cing paira of tiDC. «nd copper diskn one above tha 
olber, each pair bdng Kparalol bom Ihon adjoiil- 
uig b)F diBka of cloth, tnolsiened with a aolutioa of 
common sail, aa repreBented in the wood-cut. Com- 
mencing BI ihe lop, the electric fluid generaEed in 
Ibe 2iac phH^ ii carried ibrough ihe moielened dolh 
J; lo the copper, and so on until it has accnimi- 
lated at ihe lower or copper extremity of the battarr, 
which is iherefiira poeilive, while the opposite end U 
itegaiive. The Tolloic pile ia now seldom uaed except 
for exhibiting ita conelruction, because we have mote 
convenient and more powerfiil barteriea, but it will give 
•bocka and prodtKe other reraarkabte eflecta lueh M 
the decompoaition of water, Ac 

s^. im 





rood, with gioov. 



2. The trtn^biMay it oneitf Ibem 

aaed, ondconBBisof a trough, A B, of dry w,.- , , 

■dea and bottom, and into eaeh of theae groovea ia fitt^ by cementinK ■ 
copper and linc plate, which have been previoualjr aoldered together at iEhu 
■dseaj the zinc aurfacea facing towards i, and the copper towatda c. The 
cella formed by the plates are mode water tight by ihe cement, and when 
Baed, are GUed with aome liquid that will corrode the plates, nich ai oiled' 
Titriol and water, or common Bait and water ; the pole or wire proceeding 
ftom c, or the copper end of the battery, will be poeilive, while that from % 
will be negative, agreeable to the illuatianon (I^op. cccili.) If one hand 
be placed m the firei,snd the other iti tlie lael cell of the battery, apoweifid 

■hock will be felt, and will be renewed as often bj ' "- ~ 

lepealed. Any number of persona foming a part ol 
tile shock at the aame moment. 

CCCXLV. The most striking phenomena of the gal- 
Tanic electricity are exhibited in the decomposition of 
variouH componnds, and in deflagrating or burning of the 
metals and charcoal. 

CCCXLVI. The first instance of decomposition by 
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means of the battery, was that in which water was de 
composed by Messrs. Carlisle and Nicholson^on the 30th 
of April, 1800, in the following manner : — 

Fig. 179. 




BsjterimerO. A glass tube was beni at an anet& an^ fitted into a wine^ 
glass as represented in fig. 179; the tubes were fiOea with water and coikoi^ 
a smaU aperture having been made in the bottom part ef the tube for the 
Moape of water as fast as the gases accimiulate above. The platinum wirea 
P and N are thrust through the corks nearly to the bottom of the tubes; the 
wires were then connects with the two poles of a battery, P the positive^ 
and N the nesative. Oxygen gas was lib^ted firom the positive, and hy- 
drogen fh>m the negative pole, proving thereby that water was composed of 
these two gases. 

CCCXLVII. Various other substances were tried, and 
it was soon ascertained that nearly all compound bodies 
could be decomposed by means of the battery ; not only 
known compounds, but many substances, before considr 
cred as simple, were ascertained by means of this instru- 
ment to be compounds » 

Experiment 1. We may substitute for the water used in the last experiment 
a solution of common salt, containing a little indigo, previously dissolved in 
oil of vitriol, to give it a deep blue colour. The common salt contains efUth 
fine nnd the alkali soda ; when in combination, the chlorine jiroduces no 
sensible effect, but if separated by means of the battery it will instantly 
bleach the liouid where it is liberated. This is accomplished by connecting 
the wire P {lExp. Prop, cccxlvi.) with the positive pole of the battery in 
action, and the wire In with the negative pole ; chlorine will be set fiw at 
the positive po4e as indicated by the liquid in that tube suddenly becoming 
transparent 

2. Making use of the same apparatus, we may still vary the axperiment 
by substituting for the compound last used, water which has dissolved in it 
a salt called hydriodate of potash, (containing iodine and potash^) and in it 
dissolve a little starch. Iodine, when in a state of cbymical combination, 



Describe the experiment CCCXLVII. Wliat is said of other experiments 1 MHIiat 
was the experiment with solution of common salt and indiga? What eroerineot 
— "- made with the hydriodate of potaab.t 
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hMM no tfieet on stareh, bat in a frae state it instantly coldbrs it a deep blue. 
Connecting the wires with the poles of the battery as before, the liquid- m 
the tnbe next the positive wire will be quickly changed to a deep blue fifym 
the liberation of iodine^ proving that a cnymical change has been produced. HL_ 

CCCXLVIII. We have seen in the above experiments 
that when water was decomposed; the oxycen appcfured at 
the positive pole, and that in the two last uie chlorine and 
iodine was separated at the same pole. If any neutral 
salt (a compound of an acid and an alkali) be decomposed, 
the acid will ^o to the positive, and the alkali to the nega- 
tive pole ; if It be a metallic salt, that is the combination 
of an acid with some metallic base, then the acid will go 
to the positive, and the metal to the negative pole. 

Experiment L Dissolve some glauber's salt (a compound of oil of vitriol 
or sulphuric add and the alkali scxia,) in water previously coloured with bhie 

, and connect the win 
tube P will soon be|^ 
become green, showmg 
that the alkali is also liberated. If the wires be reversed the ootours will also 
be reversed, N will be green and P red. 

Fig. 180. 

2. Dissolve some sugar of lead (a silt oonttfiMinc 
vinegar or acetic acid and lead) in rainwater, and flu 
the jar represented in the wood- cut with the solutiott* 
On connecting the wire P with the positive^ and N 
with the n^ganve pole, crystals of pure lead will appear 
around that part til the wire N which is immersedm the 
solution, ana the acid will, at the same time, appear 
aroond the pole P. 

CCCXLIX. It was by exposing the alkalies, potash 
aiMl soda, and the earths lime, clay, magnesia, &c., to the 
action of a powerful galvanic battery, tnat Sir Humphrey 
Davy was enabled to decompose these bodies, and prove 
them to be composed of different metals, united to oxygen. 

lOueiraiion, For instance, potash is composed of the metal potassium and 
oxygen t soda, of the metal sodium and oxygen ; magnesia, of magneamm 
and oxygen, oc 

CCCL. From the above experiments is deduced the 
following law ; tliat in tlie decomposition of various chymi- 




CCCXLVni. What is the kw with regard to the preeedhie experimenta and otbera 
referred tol Denerihe the experiment with glaober's aalt. Deacribe that with 
•user of lead. CCCXUX. What is mid pf the dlaeovery of Davy 1 COCJL What 
bodies are carried to the positive, and what to tlie negative pole 1 
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c^ compounds, the oxygen and the acids which contain 
it, the chlorine, iodine, &c., go to the positive pole ; while 
hydrogen, the alkalies, the earths and the metals, go to 
the negative pole. 

CCCLI. If a piece of gold or silver leaf be brought 
between the poles of a powerful battery when in opera- 
tion, they are instantly consumed ; the former, giving oflF 
a splendid white li^ht tinged with blue, and the latter, a 
brilliant green of the emerald teint, and the light is still 
more intense than that from gold ; copper burns with a 
bluish white light, throwing off red sparks ; lead gives a 
vivid purple : mdeed, the most refractory metals are not 
only melted, but dissipated in vapour by means of this in- 
strument. 

CCCLIL The light given off, when small pieces of 
charcoal are substituted for the metallic leaves, is equal 
in brilliancy to that of the sun, and the heat is greater, 
perhaps, than that from any other artificial source. 

CCCLIII. If we wish to perform experiments of de- 
composition, or to produce shocks, we require a number 
of plates, and their size may be small ; but, if we wish to 
produce heating effects, such as burning metallic les^, 
Igniting charcoal, &c., a few large plates answer better 
than many small ones. 

CCCLIV. The liquid used to corrode the plates, in 
experiments of decomposition, is generally a solution of 
common salt in water, or salammoniac in water. But for 
burning or deflagrating the metals, a mixture of one part 
nitric, two of sulphuric acid, and thirty parts of water, 
answers best : sometimes oil of vitriol, diluted with forty 
or fifty times its weight of water, and a weight of nitre 
equal to that of the vitriol, is substituted on account ot 
cheapness. 

Ohaervatum 1. There are many well known phenomena explicable on 

CCCLI. Describe the effpct on each of the metals mentioned CCCLII. Wliat It 
aaid of the light and heat of the charcoal 1 CCCUIL What ia requisite to deeompoaa 
and produce shocks 1 CCCLIV. What liquids are to be naed 1 What is said of 
drinking porter 1 
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g«Ivuiic principles. Porter has a more liyely and agreeable Uate from a 
pewter or silver cup, than from a glass one; in the former case, the moistim 
ai the under lip, tlie metallic cup and the porter, form a simple galvanic dr* 
cl& which gives rise to the peculiar tae>te. 

2. SUver spoons are blackened in eatinf boiled eggs— here a galvanic circle 
ki formed by the silver, the sulphur, and the saline or saltish matters con- 
tained in the egg ; in which case, the sulphur combines with the sOver, form- 
ing a blackish compound, called suiphurei qf silver, 

3. Iron railing is generally fastened into stone work by means of lead, and 
the iron always corrodes first, at the juncture of the lead and iron with the 
Btone ; in this case, the moisture, together with the two metals, form a gal- 
vanic circle, in which the iron is the most ozidizable metal, and is most 
n^idly corroded. 



MAGNETIC ELECTRICITY. 

CCCLV. By the term magnetism^ (from Magnes, the 
discoverer of this property in the loadstone,) as it has 
generally been used, is understood that property ivhich the 
K)adstone has in attracting iron and steel, &e magnetic 
needle in pointing to the poles of the earth, &c. 

CCCLVI. The power of lightning in reversing and 
destroying the poles of the magnetic needle, and render- 
ing iron and steel magnetic, has been long known ; thus 
rendering it evident that there is some connexion between 
electricity and magnetism ; but it was not until the dis- 
covery 01 Professor Oersted, of Copenhagen, in 1819, 
that this connexion could be proved by experiment. 

Jttuetratum. In the winter of 1819, Professor Oersted obsefted, that when 
the ¥nre which connects the positive and negative pole of the battery in 
action, is brought near to, and parallel with the magnetic needle, it causes 
the poles of the needle to deviate from their natural position, and assume a 
new one, the direction of which depends on the relative position of the needle 
and wire with regard to each other. Suppose the current of electric fluid to 
move from the south toward the north pole, this pole will therefore corre- 
spond with the negative pole of the battery ; and suppose the wire to be placed 
parallel with, and directly over the needle, its north pole will move west- 
ward ; placing the wire on the east side, the same pole will be elevated ; place 
the wire under the needle, the pole will then move eastward ; place the wire 
on the west side, and the pole will be depressed. Snch was the discovery, 
and such the experiments of Oerstead. 

What is said of the action of ecgrs on silver t What of iron railing 1 CCCLV. What 
Is understood by the term majinetism 7 CCCLVI. What effect of Ughtninir is here 
mentioned, and what is mentioned of Oersted 1 What was Oersted's discovery 1 
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CCCLYII. On examining the above experiments. 
Professor Faraday, of London, concluded that there was 
a tendency in the poles of the needle to revolve around 
the wire, and that when the wire was moveable, and the 
needle fixed, the former would revolve around the latter, 
both of which he soon succeeded in proving by experi- 
ment, in the following manner : — 

TTu MoLgrut revolving about the Conducting Wire, 
Fig. 161. 



Experiment 1. In the figure 181, the north pole of 
the magnet naia represented as revolving around the 
fixed connecting wu% a 6, the other part of the con- 
necting wire, namely, c d^ is connected to the magnet 
by the string a c^ and to complete the metallic con- 
nexion, the cup IS nearly filled with mercury. The 
wire a is connected with the positive, and the wire d 
with the negative pole of a powerfiil galvanic battery 
in a state of excitement, and the north pole n of the 
moveable ma^et, immediately commences revolving 
around the wu% a 6, passing from east through the 
south to west. If the poles of the battery be reversed, 
the magnet will revolve in the opposite direction* 

TTu Wire revolving abvut iht Magnet. 

2. The wire being moveable, and the magnet fixed, 
the former may be made to revolve arouncT the latter. 
In the accompanying figure, n represents the fixed 
magnet passing through the bottom of the cup and 
communicating with the wire d^ah represents the 
other portion of the connecting wire as moveable 
about the magnet. The cup is nearly filled with 
mercury, so that the wire a 6 dips into it On con- 
necting the wire a h with the positive, and the wired 
with the negative pole of a battery in action, the 
wire will revolve around the magnet in the same 
manner as the magnet in the last experiment revolved 
around the wire. Hence we infer tnat there is a mu- 
tual tendency in the masnet and the connecting win 
to rotate around each omer. 



CCCLVIII. Ampere, a French philosopher, invented 
an apparatus of this kind, in which the battery itself is 
made to revolve around the poles of a magnet. 

COCLVII. What was Faraday's conclnsioni Describe the ezperimeDt for the 
revolvinK raagnet. Describe the ezperimaot of the revolving wire. OCCLViB. 
What was Ampere's invention ? 




Fig. 182. 
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within IIm other, a bodam ii 

« douUe eup. on® wilhin Ibe olbw, bul )■ „ 

bolMlD. Toe tpice between ibe (wo cylindei^ fimniB 



(wo cyuDdeiiL to 
LiadaoMcteilia 



p OODtaiDUW III 

Mile ades of th 



cjrliiider is seen in 1%, 18i when a'npnaenu 

of thia bail, a point projects downwini, resting upon p cme of th* 

' . ■ .. i- — - fifjgiy m,^_ j^ (econd tuba 

and open at both end*, 
■ rot 8. The cylin- 



pde« of a atrong magnet, upon wbich it can fn 
or cylindet of zinc, one incta and h half in diami 
it numecided by the bail c, (figure 184,) and turaa on the pi' 
der u line hanga within the capper cup, without touchi ,, 
beinf an^>fnth^ upon fine poiati, levolte with but little fricixiiL 
W^ lat. Expcrimml. To exhitat an experinienl wiili ihia appatstnt, 
, we remove the cylinder e, pouf into the cup b a little oil A vitiiol 

and water, and replace the line, which, on btmir Mt Ii«t^ will 
immediately begin to revolve around the pols of th« magneL 
It will tEvalfs nn ealher polo, bat the revolulion on the noitb, 
will be the reverse of that on the aoulh pole. 

lUuttrfUiim 2. All the above revolving tnovemtnla tra to.- 
pliined, by nupponng that a cunent of die elecliic fluid, i* coDr 
■taatly pawing both around, and througli the aubelanca of the 
niBgttet, movins in the du«ction rqireaented bvihearrowa intba 
wood-cut ) ana that thia cucrsnt haa a lendencf to CMTJ all 
bodiea along with it, and iha result is a rotary mooon. 



Daaertb* the cqMrlineiu Willi ilie qipaniDi here UIoMmad. What lathetlMOir 
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CCCLIX. A powerful magnet may be made in an 
instant of a piece of soft iron, by transmitting over its sur- 
face, a current of electricity; this property is soon lost, 
but may be recovered any number of times, by repeating 
the experiment. 

Experiment. A piece of soft iron is bent into the form of a horseshoe, and 
flopper wire previously covered with silk is wound around it, as seen in figure 
18d. a piece of soft iron called an armature, to which a weight may be 
attached, is fitted to the two ends of the maenet ; and on connecting the 
ends of the wins N and R with the poles of a small gahranic battery in 
action, the soft iron instantly becomes a powedol magnet and will support a 
great weight 

Fig. 186. 




ObtervatunL The most powerful instrument of this kind ever invented, 
was constructed about three yean ago^ by Prof Henry, of Princeton Col- 
lage, in New Jersey. Hie magnet weighed about lOCFlbe., and supported 
3^00 lbs., and was supposed to be able to support 4,000 lbs. 

CCCLX. The latest and perhaps most important dis- 
covery that has been made in this branch of science, was 
achieved by Professor Faraday, namely, the production of 
an electric spark by means of a temporary magnet ; others 
have since succeeaed, with a common artificial magnet, not 

OCCLIX. How may a powerful temporary magnet be made 1 Illustrate tbe experi- 
ment. What is the strength of the most powenul magnet erer const ructedt What 
was its weight 1 what wouH it support, and by whom was h made ? CCCLX. What 
Is the latest and jroost iinportant discovery, and by whom achieTed 1 What other 
effects liave been produced, and 'What inference la <}raffD } 
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only in producing the electric spark, but in decomposing 
water, giving the shock, and producing all the most im- 
portant electrical experiments ; hence, it is inferred, that 
electrical and magnetic phenomena, are the result of one 
common cause ; or that electricity and magnetism, aie 
but modifications of the same principle. 



ASTRONOMY. 

I. Astronomy is the science which explains the nature^ 
motions, and appearances of the heavenly bodies. 

II. The heavenly bodies are divided into planets, fixed 
stars, and comets. 

III. The planets are those heavenly bodies that move 
in circular paths aroimd the sim as, the Earth, Jupiter, 
Saturn and Herschel. 

IV. The planets are frequently attended by smaller 
bodies, called satellites or moons, which revolve around 
them. 

Observation. Thus the earth has one moon ; Jupiter, four ; Saturn, seven, 
and HeracheL six. These planets are firequently called piimary, and their 
moons seoonaary planets. 

y. Fixed stars are so denominated because they do 
not appear to change their places in the heavens, and are 
believed to shine by their own light, whereas the planets 
shine by the light they reflect from the sun. 

ObgenxxtUnu The sun is one of the fixed ttans and is to near the earth, 
that his light is sui^)osed to come to the earth in eig^t mmutes, while that • 



I. Define Aatnmomy. D. How are the hearenly bodies divided 1 ni Describe 
the planets. IV. What are s« IMres) V. DeAae fixed stars. Give the obterrsp 
tion. 



VI. The comets are irregular bodieswhicbmoTe around 
ibe sun in paths or orbits, which aie very eccentric, called 
tU^et, and usually accompanied with a long train of 
Kgfit. 

VII. The solar system consists of the sun in the centre, 
and all the planeu with their moons revoWing around him 
at different distances, aud in different times as represented 
in the diagram. 

Kg. L 




Till. There are eleven jprimarv planets, namely :-^ 
Herciury V, Venus f, the Earth ®, Hars t, Vesta fi, 
Juno C, Ceres n, Pallas $, Jupiter V, Saturn ^, mmI 
Uranus or Herschel 9. 

Eighteen secondary planets, or satellites, namely : — 
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the earth's moon, Jupiter's four, S^wtfs feven, ana Her- 
schel's six. 4?i^' 

There is also a considerable but indeterminate number 
of comets. 

DEFINITIONS. 

IX. The orbit of any celestial body is the curve or path 
it describes in revolving round another body. 

X. Two celestial bodies are said to be in opposition^ 
when they are in opposite points of the heavens. 

'XI. Two celestial bodies are said to be in conjunction^ 
when they are in the same point of the heavens. 

lUustraium, Thus, figure 2, Mars seen by the spectator on the earth in an 
opposite direction to that where the sun is, is said to be in (^position to the 
sun, but when seen in the same direction as the sun, at the word oonjfunctian 
it is then said to be in coi\iimctk)n with the same. 

Fig. 2. 
ConjnnctioD. 




t. 



OppositioB. 

XII. A planet is said to move direct^ when it appears to 
move acceding to the signs of the ecliptic. 

XIII. A planet is said to move retrograde^ when it ap- 
pears to move contrary to the signs of the ecliptic. 

XIV. A planet is said to be stationary, when it appears 
to remain any particular time in a certain point of the 
heavens. 

SkuUraUcn* Thus a planet as «, fig. 3, inmoviag^omitto/ will appear t» 

16* 
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|M*B firaetlr, boia ; to ii it will qqwar atalioBvy, &dm A to ( iurS 4fMC 




XV. A etrcCt is a plane figure bounded bj a cutred 
Kne, called the circumference, every part oi which is 
•qually distant from the centre. 

XVI. The diameter of a circle is a line drawn through 
die centre, terminated both ways by the circumference. 

XVII. The radiuj of a circle is a straight line drawn 
n either direction, from the centre to the circumference. 
, XVIII. A semicircle is any half of a eircle or circum- 
ference, cut oS from the other half by the diameter. 

XIX. A quadrant is half a semicircle or circumference £ 
•r it is one fourth of a whole circle. 

XX. All circles, whether great or small, are supposed 
to be divided into 360 equal parts, called degrees, and are 
marked °. " 

XXI. Each degree ia divided into siz^ minutes,, 
marked ' ; imd each tmnut& is divided into- «xty seconds, 
aiarked 'K 

XXII. An arc of a circle is any portion of the circum- 
leience, less than one halfrorless inan a semicircte. 

XXin. The chord of a circle is a straif^t Ime jtaninj 
' tafE^tb^ tite cxtEem)tiie» ef ao Hb. ^ 



wminoni. 
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' XXIV. An angle is the space contained between two 
lines meeting in a point 

XXY. A right angle is an angle formed by one line 
felling perpendicular upon another line, containing ninety 
degrees, or the quadrant of a circle. 

XXVI. An obtuse angle is sreat^ than a right angle , 
containing more thui the quadrant of a curcle or ninety 
degrees. 

XXVIL An acute angle is less than a right angle; ,. 
containing less than ninety degrees, or the quadrant of m^ 
circle. 

XXYIII. Parallel linesy whether straight or circular,^ 
are every where at the same distance from each other ; 
and, if drawn ever so far either way, will never meet. 

XXIX. A sphere is properly a globe ; but in astronomy,. ^ 
tfie celestial sphere means the apparently concave surface 
of the heavens, in which all the heavenly bodies appear to 
be placed. 

XXX. Concentric circles are circles drawn ronnd the 
same centre, at different distances from it. 

XXXI. Cardinal points are certain fixed points that 
sever change, and to which all calculations are referred. 

XXXII. An ellipsis is an oval. This figure differs 
from a circle, in being unequal in its diameters, and in 
kaving two points called its foci. See fig. 4L 

Fig. 4. 
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XXXIII* The foci are the two points in the longest 
axis of an ellipsis, on which as centres the figure is de- 
scribed, as s and e, fig, 4. 

XXXIV. The eccentricity of an ellipsis is the distance 
between the centre and either foci, as 5 c or e c, fig. 4. 

XXXV. When the earth or any other planet is in that 
part of its orbit nearest the sun, it is said to be in its peri- 
neliouy as at a, fig. 4 ; and when in that part farthest from 
.the sun, as at 6, it is said to be in its aphelion. The line 

s d represents its mean distance, 

XXXVI. The axis of a planet is an imaginary line 

rsing through its centre, tenninating at the extremities 
the poles. 

XXXVII. Merfcury and Venus are called ijrferior plan- 
ets because their orbits are within that of the Earth ; while 
those of all the other planets being with'out that of the 
Earth, they are called superior. 

XXXVIII. The Ecliptic is the Sim's apparent annual 
path through the heavens. Thus the Sun appears ta rise 
m the east, ascend to the zenith, and set in the west ; and 
as the Earth makes one complete revolution around the 
Sim each year, so the Sun to a spectator on the Earth 
would appear to make a revolution around the Earth in 
the same time but in an opposite direction. 

Let us suppose a circular table top, the circumference 
would represent the orbit of a planet, and the whole sur- 
face of the table, the plane oi its orbit. The apparent 
motion of the Sun, arising from the real motion of the 
Earth, will be further explained by the following illustra- 
tion, and diagram, where the orbit of the Earth,, the Sun 
and a portion of the ecliptic are represented in their re- 
spective places, and the apparent moti(Hi of the Sim, as 
arising from the motion of the Earth. 



XXXV. Define penhelion, apaelion, and mean distance. XXX VL Define the axis 
•f ajplanet. Define the poles, &c. XXXVII. Define the temu siwenor andioferioc. 
XXXVra. Define ecliptic 



MhutraUmi. Letc (i«npiMMit tba wbitof tbe Earth, Mmtad tkie Son •, 
and the cnnred line a ft, a portion of the ecliptic : while the Earth is at c^ the 
8«n Yiewed b]r m fl^^nHor on the fianfi whI sppesr to he at 5, but ae the 
Sardi movte on in its orbit to^ the San will i^K>ear to move fiom 4 coo in 
an oppoaiie diieoiie». 

Fig. K. 
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XXXIX. The zodiac is a broad belt or portion of the 
hMhrens parallel with die equator and extends 8 degrees 
on each side of it. It includes the orbits of all the plan- 
ets except some of the asteroids. 

The zodiac is divided into 1 2 equal parts called the 
^igns of the zodiac. 

Thci names of the signs are somewhat fanciful, but refer 
to the busmess of the seasons which they represent Their 
names are as follows : — 

Aries T, the Ram; Taurus «, the Bull; Gemini ll> 
the Twins; Cancer S, the Crab; Leo ft, the Lion; 
Virgo TTK, the Virgin ; Libra aa«, the balance ; Scorpio tri, 
the Scorpion; Sagittarius ^ , the Arclier ; Capricomus yjy 
the Goat; Aquarius^, the Water Bearer; and Pisces ^, 
the Fishes. The first six are northern and the latter 
six are southern signs. 

XxJkiX. Describe the zcxSec, and the origin of the naaiea of the 
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The diagram below represents the position of the 
twelve signs arranged in the twelve divisions on the cir- 
cumference. The circle A, B, C, D, is the orbit of the 
Earth, and the Sun is seen in the centre. While the Earth 
remains at A, the Sun will appear to be in the sign Aries^ 
at the extremity of the Une A C, looking towards C. And 
when the Earth has passed firom A through B, around to 
C, the Sun will have passed through all the signs from 
C through D to A ; that is, through ArieSf Taurus^ Gem- 
ini^ Cancer, Leo, and Virgo. 

Pig. 6. 
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Plmtrate by the djiirwi. 
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THE SUN. 



XL. The Sun is the largest body in the solar system^ 
around which as a common centre, all the planets revolve 
and from which they receive both light and and caloric. 

XLI. The Sun is a little roore- than 95,000,000 of 
miles from ^e earth, and his diameter a little more than 
880,000 ; hence the amount of matter in the Sun, as com- 
pared with that of our earth, is thirteen hundred thousand 
times greater. 

ObservtUion, The me of this great Ixxij max ^ better appreciated by 
cotDparine h with some smaller body, with which we are more familiar. 
ThuB.the Moon is forty-nine times less than the Earth, arowid which it re^ 
yolve9 as a centre, at the distance of 240,000 miles, the orbit of the Moon is 
consequently 480,000 miles in diameter, but the diameter of the Sun is 890;- 
000, miles ; nence, if the Sun were placed where our Earth ift its sur&oe 
would extend not only to the Moon but 200,000 miles bevona it. At the 
rate of 90 miles per day, a traveller would dreunmavigate toe Sun in a little 
more than 78 years. 

XLII. As before stated, the Sun appears to revolve 
around the earth daily ; this appearance arises from the 
rotation of the earth on its axis. 

XLIII. The Sun revolves on his axis in 25 days, 9 
hours and 36 minutes^ or nearly 25 days and 10 hours ; 
a fact ascertained from dark spots seen on its surface. 
These spots are first se^n (»l the eastern line or edge of 
his disk, and progressively extend to the middle, and 
finally disappear at the western edge, and in 25 days and 
nearly 10 hours, reappear on the eastern edge of the 
disk. 

XLIV. Spots on the Sun, it is believed, were first no- 
ticed by Galileo in 1611, and subsequently by Scheirer, 
Harriot, Fabricus, Herschel, and others. They are found 
to vary much in their appearance, sometimes two or more 



ICIj. What ifl the Suni XLI. What is said of its size and distance) XLII. What 
Is the appearance of the San? XLII. What is said of the revoluticm of the Sun oa 
iuB axis 1 XUV. What is aaid of the spots on the Sun) 



Ifti AflEISOlfOIIT. 

small ones unite and become one large one, at others, one 
large one divides into several small ones ; sometimes a sin- 
gle spotcontinues for many days, and weeks at others ; while 
others appear and disappear m a few hours, and as a gen* 
eral role, those that rapidly appear, disappear much in the 
same manner. They have been frequently seen since the 
18th century, and oceasionally, it is said, with the naked 
eye, as in the summer of 1815 ; such spoU it is estimated 
could not be less than 30,000 miles in diameter. 

XLV. The nature of these spots is still involved in ob* 
scurity — some have supposed tnern small satellites revolv- 
ing around the Sun, but the most plausible theory sup- 
poses these dark spots are spaces where the luminous 
clouds do not cover the Sun^s surface, and thus a dadi 
space is exhibited. 

The nature of the material in the Sun which produces 
light and heat in the planets, is left equally obscure with 
that of tlie spots above described ; while one class of phi- 
losophers considers the Sun as a vast globe of fire, anoth- 
er considers it as a globe of moderate teniperature and 
capable of sustaining animal life like our Earth. Such 
philosophers consider the light as arising from lunainous 
or phosphorescent clouds, and the dark spots occasionally 
visible, arise from the openings in the luminous clouds, 
through which the true surface of the Sun is seen. 

XLVI. The resemblance of the Sun to the other bod- 
ies of the solar system, in its supposed material composi- 
tion, its atmosphere, its diversified surface, revolving upon 
its axis, &c., has rendered it possible if not probable that 
the Sun is peopled by animated beings ; such was the 
opinion of Dr. Wilson, and this was strengthened by the 
oDservations of the late Dr. Herschel. 



XLV. What theories have been fonned to eiq>liiBi th«M spots ) XLVI. Wbal it 
Mid of the aagg«8lions of WUaoa ^ 



j^Mbfe Mrforowtion, iriuck whw appM to bulk or quantity of matter, is 
both eertain and definite ; but wben applied to heat, the efl^t of light, or 
etiwr imponderable agent& our information ia only inferential, and inmany 
MM the aaalogy ia ao fiiebla, that liltle dependanoe can be put in the reaulto 
of our reaaomng. For example, what do we know of the efiect of the raya 
of the Sun on matter at cfreater or less diatancea ftoni him, than that of our 
Karth 7 If the beat produoM^ be in exaet proportion to the quantity of liirht. 
It has been eaUmated that the heat on the planet Mercury, must be ao great 
ttiat water woiiM there be eonyerted to ateam, and could not eiiat in the 
l^uid state; andon theaurfacoof Herachel it could eziiM m no other than 
^aobd state; but these opinions are founded on the efl^ts produced by 
ligh^at ourdmttoce from the Sun j for except by aniaogy, we know noth- 
ing of the eOBct of the Sun's raya on matter, at a graater or Uw distanoa 



UBKCVRY. 

XLVIL Mercury is the planet situated nearest to the 
Sun, about which it revolves from west to east in about 
24 hours, making its day about the same length as ours. 

XL VIII. Mercury completes his revolution around the 
sun in about 88 days, and is about 37,000,000 of miles 
firom the Sun. The year of Mercury is, therefore, equal 
to about one fourth ol our year. 

XLIX. Its diameter is 2984 miles — and its size, there- 
fore, about 17 times less than that of the Earth, and twenty 
millions of times less than the Sun. 

ObtmatUm. See the figure (1) representing the aolar system with the 
relative positions of the bodies composmg it. 

Xa, Mercury from being situated so much nearer the 
Sun, receives from him seven times the light that the Earth 
does ; and if, as is conjectured by some, the Sun be a 
mass of igneous matter. Mercury must receive from him 
the same increased proportion of heat as of light, and 
hence it has been calculated, that the heat on this planet 
is sufficient to boil water. 

ObatTvaHon. Th^ hypothesis that the Sun is a mass of fire, it must be 



XLVn. Describe the situation and reToIations of Merenry 1 XLVin. Describe its 
re^olation about tbe sun, its distance, and the length of Its year. XUX. What is tts 
diameterl L. What la said of its l%ht and heat 1 

17 
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neoUectod, M by BO iMtns settled w a Battor of fiwt, kit it M to bene«t«J 
M e dieory or poatioii that hae beeo eMimed by eome. 



LI. Owing to the dazzling brightness of Mercury and 
tlie swiftness of his motions, comparatiTely few discoveries 
have been made respecting it. 

LII. When viewed through a telescope of considerable 
magnifying power, it exhibits at different periods all &e 
phases or appearances that the Moon does to us, except 
that it never appears quite full, but always a little homed. 

Ob»«rvaHoifu The hci that its enlightened snrface is always towards 
the Son, and the opposite one always dark, prores that it is opaque^ and 
ibhies only by reflectiiig light reoeifed finom the Son. 

LIII. The rotation of Mercury on its axis was proved 
from the position of its horns, and from spots seen on its 
surface. 

• 

LIV. During a few da3rs in March and April, and in 
August and September, Mercury may be seen for several 
minutes in morning or evening twiUght, but in all othor 
parts of the year it is too near the Sun to be perceived by 
the naked eye. Its greatest distance from the Sun either 
way is 28^ 48'. 

LV. The revolution of Mercury about the Sun, like that 
of all the planets, is performed from west to east, in an 
orbit which is nearly circular. Its apparent motion, as 
seen from the Earth, is alternately, from wesuto east, and 
from east to west, nearly in straight lines ; sometimes, 
directly across the face ot the Sun, but at all other times, 
either a little above or a Uttle below it. 

LYI. Being commonly immersed in the Sun's rays in 
the evening, and thus continuing invisible till it emerges 
from them in the morning, it appeared to the ancients like 
two distinct stars. A long series of observations was 
requisite, before they recognised the identity of the star 
which was seen to recede from the Sun in the morning 
with that which approached it in the evening. But as the 

* ' What is mid of the discoTerles in Mercury 1 LD. What are itR appearmnoes t 
Row was its rotation pmred 1 LIV. What ia said of the times when Mereory 
I seen 1 LV. What is said of its orfoit and apparent motioo 1 LVL HowdM 
ir to the ancients, and how was it explained f 



one was never seen vaitSl the other disiqppeaied, both were 
at last found to be the same [danet» which thus oscillated 
on each side of the Sun. 

LVII. Mercury's oscillation from west to east, or from 
east to westy is really accomplished in just half the time 
ci its revolution, which is about 44 days ; but as the Earth, 
in the meantime, follows ^e Sim in the same direction, 
the apparent elongations will be prolonged to between U 
and 65 days. 

LVni. When Mercury passes directly over the^ sun's 
disk, it is denominated a Transit. This would happen 
in erery revolution, if the orbit lay in the same plane with 
the (»rbit of the earth. But it does not ; it cuts the earth's 
orbit in two opposite points, as the ecliptic does the equa- 
tor, but at an angle three times less. 

LIX. These points of intersection are called the nodes 
of the oifoit. Mercury's ascending node is in the 16th 
degree of Taurus, its descending node in the 16th degree 
of Scorpio. As the Earth passes these nodes in Novem- 
ber ana May, the transits of Mercury must happen for 
many ages to come, in one of these months. 

OUanaHon. The fidlowing is a lilt of all the traniitB of Mflreanr from 
the time the first was obssnrea by GkuMeadi, November 6^ 1631, to toe end 
of the iHesent eentury. 



1S31 Nov; a 

1644 Nov. 6. 

1751 Nov. 2 

1661 May 3. 

1664 Nov. 4 

1674 May 6. 

1677 Nov. 7. 

16B0 Nov. 9. 

1697 Nov. 2. 



1707 


May 


6. 


1776 


Nov. 


2. 


1710 


Nov. 


6. 


1782 


Nov. 


12. 


1723 


Nov. 


9. 


1786 


May 


3. 


1736 


Nov. 


10. 


1789 


Nov. 


6. 


1740 


Nov. 


2. 


1799 


May 


7. 


1743 


Nov. 


4. 


1802 


Nov. 
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17B3 


May 


5. 


1816 


Nov. 


11. 


1766 


Nov. 


6. 


1R22 


Nov. 
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1769 


Nov. 


9. 


1832 


May 


5. 



1835 Nov. 7. 

1846 May a 

1848 Nov. 9. 

1861 Nov. Ik 

1868 Nov. 4 

1878 May 6L 

1881 Nov. 7. 

1891 May ft 

1894 Nov. la 



The sidereal revolution of a planet respects its abwhtie motion ; and is 
measoted by the time the planet takes to revdve from any fixed star to the 
same star again. 

The nnooieal revolution of a planet respects its reiaHve motion, and is 
measored by the time that a planet occupies in coming back to tns same 
position with respect to the E^h and the Sun. 

The iSdereal revolution of Mercury is 87d., 23h., 15nL, 448. Its tynodlcal 



LVn. Whsf tim e reqairad to perform Its oidIhitk«, from one tide of the Son to 
tlMotlierl LVm. Whst is Mid of the triMltsoC Mercury 1 UX. Wkstlssiadef 
the nodes of More wyt Define the sidsrssl sad sjnBMidlealrsfolvlMMier a fksMt. 



iif olatiMi to imiMi bjr dividing Um whol« dieiiBiAraice of 96(K> bj its nfo- 
Kv« motion in respect to the ESrth. Thus, tne mesn daily motion of Merconr 
li 147Sr'.665; that of the earth ia 364ff\iie ; and their differeoce is 11184'^- 
.237, being Mercury's relatire motion, or what it sains on the Eardi every 
day. Now by simple proportion, 11184".237 is to I dav, as 360° is to llSd., 
Sin., 3m., 2Ss., the penod of a sjmodical revohition of Meicary. 

LX. The absolute moticMi of Mercary in its orbit is 
109,757 miles an hour ; that of the Earth is 68,288 miles ; 
the difference, 41,469 miles, is the mean relative motion 
of this planet, witli respect to the Earth. 

YBNUS. 

' LXI. Venus is the second planet fr(»n the Sun, and 
appears to us the brightest of all the starry bodies, and 
is nence easily distinguished from the others. 

LXn. If we observe this planet for several days, we 
shall find that it does not remain constantly at the same 
distance from the Sun, but that it appears to approach or 
yecede from him, at the rate of about thr^e fifths of a de- 
gree every day ; and that it is sometimes on the east side 
of him, and sometimes on the west, thus continually 
oscillating backward and forward between certain limits. 

LXIII. As Venus never departs quite 48° from the 
mm, it is never seen at midnight, nor in opposition to that 
luminary ; being visible only about three nours after sun- 
set, and as long before sunrise, according as its ri^t 
ascension is greater or less than that of the Sun. At first, 
we behold it only a few minutes after sunset ; the next 
evening we hardly discover any sensible change in its 
position ; but after a few days, we perceive that it has 
ndlen considerably behind the Sun, and that it continues 
to depart farther and farther from him, setting later and 
kter every evening, until the distance between it and the 
Sun, is equal to half the space from the horizon to the 
zenith, or about 46^. 

LXIV. It now begins to return towards the Sun, 

LX. What ia aaid of the abaohite motion of Mercwrl LXm. Why la it never 
aeeaatinklBlfhc,nor in oppoaUkNi to the Sunl At What tknea to If vieibte > Hour 
long after aunset to U whan we 4nt beMd it in t)M weet? UCIV. Dwioilbe Hi 
ehangee of poaitkm. 
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mftkin^ the same daily progress that it did in separating 
firoin him, and to set earlier and earlier every succeeding 
evening, until it finally sets with the Sun, and. is lost in 
the splendour of his light. 

A few days after the phenomena we have now de- 
scribed, we perceive in the morning, near the eastern ho-' 
rizon, a bright star which was not visible before. This 
also is Venus, and now called the morning'Star, It de- 
parts farther and farther from the Sun, rising a little earliex 
every day, until it is seen about 46*^ west of him, where 
it appears stationary for a few days ; then it resumes its 
course towards the Sun, appearing later and later every 
morning until it rises with the Sun, and we cease to be- 
hold it. In a few days, the evening-'Star asain appears in 
the west, very near the setting'^sun, and the same phe- 
nomena are again exhibited* Such are the visible ap 
pearances of Venus. 

LXV. Venus revolves about the Sun from west to east 
in 224| days, at the distance of about 68,000,000 of 
miles, moving in her orbit at the rate of 80,000 miles an 
hour. She turns around on her axis once in 23 hours, 21 
minutes, and 7 seconds. Thus her day is about 25 minutes 
shorter than ours, while her year is equal to 7^ of our 
months, or 32 weeks. 

LXVI. The Sun appears twice as large to the inhabitants 
of Venus as he does to us, and if the heat received be pro- 
portioned to the light, it must be exceedingly hot upon her 
surface. Her orbit is within the orbit of the Earth ; .for if 
At were not, she would be seen as often in opposition to 
die Sun, as in conjunction with him ; but she was never 
seen rising in the east while the Sun was setting in the west. 
Nor was she ever seen in quadrature or on me meridian^ 
when the Sun was either rising or setting. Mercury 

LXV. Ib what direction, and in what time, doea Venna reTolre aboot the SnnY 
What is her distance from the Son 1 What ia the rate per hour of her motfoa fai hef 
orbit t In what tiate doea she revolve on her axis 1 How are the lengths of her (taijr 
and year, compared with those of the Earth 1 LXVL How mnch laner does thp 
fikin appear at Venus than he does at the Earth 1 How much more ^|htaadhe^ 
does she receive from him, than ttie Earthi How much fiurther Is Venua from ttif 
Son than Mercury 1 On which side of the orl^ ofHpfcnrj mnil her nrbS h% 1 

17* 
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being about 2d^ from the Sun, and Venus 46<'| the 
of Venus must be outside of the orbit of Mercury. 

LXVIT. The true diameter of Venus is 7621 miles ; 
but her apparent diameter and brightness are constandj 
▼arying, according to her distance from the Earth. When 
Venus and the Earth are on the same side of the Sun, 
her distance from the Earth is only 26,000,000 of miles ; 
when they are on opposite sides oi the Sun, her distance 
is 164,000,000 of miles. Were the whole of her enlight- 
ened hemispheres turned towards us, when she is nearest, 
she would exhibit a light and brilliancy twenty-five times 

Greater than she generally does, and appear like a small 
rilliant moon ; but at that time, her dark hemisphere is 
turned towards the Earth. 

lUustraHon, When Venus approaches nearest to the Earth, her apparent 
or observed diameter, is 6r'«2; when most remote, it is only 9'^o; now 
6r'.2H-9".6 = 41 nearly; so that she would appear in the latter case, if 
then visible, 41 times larger than in the former. 

LXVIII. When Venus's right ascension is less than 
that of the Sim, she rises before him ; when greater, she 
appears after his setting. She continues alternately 
rooming and evening star, for a period of 292 days each 
time. 

LXIX. To those who are but little acquainted with 
astronomy, it will seem strange, at first, that Venus should 
apparently continue longer on the east or west side of the 
Sun, than the whole time of her periodical revolution 
around him. But it will be easily understood, when it is 
considered, that while Venus moves around the Sun at 
the rate of 80,000 miles an hour, the Earth, in the mean* 

» - ■ T ■ ^ ■ 

LXVn. Wbat is her true diameter 1 In what proportion do her apparent diame- 
ter and brightness constantly vary 1 What is her distance from the Earth when 
tfiey are both on the same side of the Sun 1 What is it when they are on opposite 
aides of tlie Sun 1 Which hemisphere is turned towards the Earth when she is 
■earest to us 1 Were her enlightened hemisphere turned towards us at that time, 
bow would her light and brilliancy be, compared with that she generi^y exhibits, 
and what would be her appearance 1 What is the len^h of her apparent diameter 
when she Is nearest to the Earth 1 What is it when lihe is most remote 1 How 
much larger would she appear, if visible, in the former case than in the lattei 1 
LXVm. m what circumstances does Venus rise before, and in what set after, the 
Bun 1 LXIX. How long does she continue each time, alternately morning and even- 
ing star 1 Why does she appear kmcer on the east or west aide of the Siui, than the 
whole time of her periodical revolotfon around him 1 
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£dkywft at the rate oi 68»000 miles an hour, 
so that Venus actually gains oa the Earth only 12,000 
asiles an hour, or about |^ in a day. Now it is eiri* 
dent that both planets will appear to keep on the same 
side of the Sun, until Venus has gained half her orbit, or 
180° in advance of the Earth ; and this, at a mean rate, 
will require 292 days. 

JUustration. This majr be further illustrated thus : Suppose two steam- 
boats, whioh we will call the Earth and VenuSf set out from the same point, 
and safl the same way around Long Island, whose drciunference is estimated 
at 300 miles ; suppose also, that Venus sails 10 miles an hour^ and the Earth 
8 miles. Now it is obvious that Venus woald be 30 hours m sailing quite 
aroond the island, while the Earth, in the same time, would have saifed 240 
miles ; being, at the end of the first circuit, onl v 60 miles behind Venus. At 
the end of Venue's second drcuit, the Earth will be 120 miles behind, but yet 
on the same side of the islai^d. But after V^nus shall have performed two 
CQmplete circuits and one half of another, she will then be 160 miles in ad- 
vance of the Earth, or just half around the island, and on the opposite skis. 
So it is in respect to ^e planets. 

LXX. Mercury and Venus are called inferior planets, 
because their orbits are within the Earth's orbit, or be- 
tween it and the Sun. The other planets are denominated 
superior^ because their orbits are without or beyond the 
orbit of the Earth. As the orbits of Mercury and Venus 
lie within the Earth's orbit, it is plain, that once in every 
synodical revolution, each of these planets will be in con- 
junction or on the same side of the Sun. In the former 
case, the planet is said to be in its inferior, and in the 
latter case, in its superior conjunction, 

JUuHration, For the illustration of this subject, see the figure illustrating 
the definitions of conjunction and opposition. 

LXXI. Venus passes from her inferior to her superior 
conjunction in about 292 days. At her inferior conjunc- 
tion she is 26,000,000 of miles from the Earth ; at her 
superior conjunction, 164,000,000 of miles. 

LXXII. It might be supposed that her brilliancy would 

-- ■ — .■■..■■■■— - , ^^_^___^^,>^ 

CHrt an ilhxatration of this point. LXX. Why are M ereury and Venus caHed Infe- 
rior planets 1 Why are the other planets termed superior planets 1 How often, in 
every 83rnodical revolution, will each of these planets be in conjunction on the same 
aide of the Sun that the Earth is 1 How often'on the opposite side 1 LXXI. What is 
said of Venas's distance from the Earth at her superior and inferior conjunction. 
LXXU. How long is Venus passing firom her infenor to her superior coiQunctioi^ 
and what her distance firom the Earth in each case 1 



too 

be increased in the one case, and diminished in the other; 
this howerer, is prerented by her enlightened hemisphere 
being turned more from us as she approaches the Earth, 
and toi/vards us as she recedes from it ; hence her splen- 
dour is preserved quite uniform. 

LXXIIL Both Venus and Mercury present at diflFerent 
times the different appearances of the Moon, that is some- 
times homed, and sometimes nearly full ; this fact is an 
evidence that they revolve around the Sun, and besides, 
that they are situated between the Earth and Sim. 

Observation. It must be remembered, however, that when Venus is guite 
lulL she cannot be seen by the inhabitants of the Earth, exc^t'at the times 
of ner transits, which as Wore stated, only happen once or twice in a cen- 
tury, when she passes directly over the Sun's disk. At every othor con- 
junction, she is either behind the Sun, or so near as to be obscured bf the 
dazzling effect of his light The opposite diagram, fig. 7, will better illus- 
trate the various appearances of Venus as she moves around the Sun. Here 
the Earth may be supposed to be below the figure ; its orbit being without 
that of Venus. 

LXXIV. From her inferior to her superior conjunction, 
Venus appears on the west side of the Sun, and hence as 
the Sun and Venus appear to move from east to west, 
Venus would be seen some two or three hours before the 
Sun, and hence, is called the morning star ; but from her 
superior to her inferior conjunction . she appears on the 
east side of the Sun, and consequently appears to follow 
him when she becomes the evening star. 

LXXV. The transits of Venus for ages to come, will 
happen in December or in June ; the first ever observed 
took place, December 4, 1639 ; the next from the present 
time, will occur in 1874, and there will be another in 

1882. • 

Observaiion. The transits of Venus and of Mercury are among the most 
important astronomical phenomena, and are consequently viewed by as- 
tronomers with the most intense interest, for by them are ascertained the 
relative nzes and distances of the planets firom eadi odier, and from the 
Sun. 

LXXVI. Venus when viewed through a good tele- 

LXXin. Wliat is said of the appearances of Venus and Mercury 1 Give the ob- 
servation. LXXIV. How does Venas become ttte momina and eveninc star 1 tXXV. 
Wliat is the history of transits 1 What their viUae 1 IJKXVL Define the telescopio 
^ypearances of Venus. 
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aamt, exhilHia beaides the appearances of the Mocm, a 
vane^ of inequalities on her naxhce ; as dark and bril- 
lianl epota, liDls and Talteys, and elevated mountains. 
But on account of ber dense aimouhere, they are seldom 
dislinctlf seen. Fig. 8 illustratea the Tailed appearances 
of Venus. 




LXXVII. The Earth is of a globular fonn, or neariy 
luch, which may be inferred mm vaiiona considera- 
tions. 

Ofcm mitian I. Tlie miwt deoSTi migaiaBal id. fctoor of iba rotoiuEn of 

&B Euth, is thai which is derived ItoDi (be waU-knowii bet thai the Earth 

bu been sailed round al diffraait tunes hjdiOatmt naiiimtiira; and thi^ 

combined with the □bBervitians of those navigatoca, ia a sumdeDt pmirf that 

- tbe Euth ia apherical, or oeailT "o- 

2. A TaliBlf of eaar but coDBtarit obcerratioiM {Korea beyond the paa>' 
bilitf ofdoubi, that what, it Hrei sight, appoan to be a vui Oat or plain, i^ 
in tnilb, ■ convex mrface ; and upon farther inqn^, the convexity la found 
to bsextanded quite round the Earth. Thu^il i» oonstantlr obaared by 
tit marineni. that as ihev sail from rd; elevaira objects, such as tnotmtain^ 

ncka, Bleeples of ' *"" "■"" '"' ■----■--- --■.-■■-■-- > 

mrtaof tho«eobjt.._. . ._ ...__ ^ , , ,„ „, 

bottom to lop, onlil they entirely disappear, ft the aame mannCT, wban 
Bavigatora approach a conntry, Ihev Qrat djaoaivr the inoai elenud paiia 
<d' that conniry, and the lower pan* become viaUa as tba land is aiqn»u3ud I 
or the hiahesi parta of the cflUDtry are aaw ftan Ibe lopa of ibe m 
then gradnally t' ' ' ^_«.-^ __ .. 



le deck of the ship. 
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Abo. ^vlitt a ihip iMedM fincmi the knd, a penon qa Aati wSL fint kMe 
mAt of the hiiU, tfieli of the maMi and lower parts of the tafla, and lastly 
of the topsails, gradually froni bottoib to top ; and when a ship approachsi 
the land, a npectator on shore first disoovers the upper parts of tne masts 
and sails^ and then by degrees the lower parts and tne hull, in proportion as 
the Teasel comes nearer to the shore. 





It will be plain by fig. 9, that were the shm a elevated^ so that the hnQ 
should be on a horizontal Ime with the eye, the whole ship would be visdile 
instead of the topmast, there being no reason, except the convexity of tha 
Earth, why the whole ship should not be visible at o^ as well as at 6. 

In all these cases, the obstruction to the sight arises fiom the interposed 
water, on account of the universal convexity of the surface. 

3. It has been well ascertained thatjeclipses of the Moon are occasioned 
by the Earth's shadow upon the Moon ; but in all eclipses, notwithstanding 
the various positions of tne Earth, this shadow is always circular; which is 
another proof that the Earth is a globe. 

4. Another decisive argument is derived from observing the altitude of the 
north polar star, after travelling north and south a considerable number of 
miles ; and generally, in travellmg any great distance towards the north, the 
northern stars appear more elevated as we approach them, and the soutnem 
stars more depressed as we recede from them towards the north. When 
trave&g towards the south, the southern stars become elevated, and the 
northern depressed. Were the Elarth an extended plane, such changes in 
the positions of the fixed stars could never take place. 

Many other reasons, suggested by philosophersj might here be enumerated 
to prove the rotundity of the Earth, liad we sufficient room and inclination 
to take up the readelr's time with the relation of them ; for a very little 
attention, and a very little observation in travelling either by sea or land, 
must soon convince any reflecting person that the EUirth is of a globular 
form. Indeed, there is not even one solitary appearance^ either in the whole 
celestial sphere or throughout the snr&ce of the Earth, that seems in the 
slightest degree to favour the idea of the Earth's being an extended plane^ or 
of any other figure than that of a globe. 

5. The figure of the Earth is not, however, perfectly spherical — ^both 
theory and experience have shown that it is very nearly an oblate sphonid, 
somewhat raised or elevated about the equatorial parts, and flattenea or de> 
pressed about the poles, and the difference between the equatorial and polar 
diameters, according to the latest and most accurate measurements, is about 
26 miles, its mean diameter being about 7,920 miles, and its drcumioenoe 
24,880 miles. 

mnstrate this by fl(. 9. What we the rssl figure^ <Baiiieter, and eireanifertiiee sf 
theEartbl 
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LXXVin. A spheie, on the suiftce of ^hicb die 
TturiouB renons of me Earth are geographically depicted, 
or on vrhich the fixed stars ttnd coosteUstions are rejnre- 
Bented, according to their apparent [JaceB in the coocavc 
Burface of the heavens, ii uaually called an Art^cUd 
Globe. 

ObtervaOon. Arti&id^lbM iieof two kin^ Taratriat and CeZuKoJ ; 
■nd are commonlf Rurit W iIm poraoae of aiding Ihe underBtBUdiiig, id ths 
«uy solution of serieM ■MmMmical probleou, and of ineinicliiig; sludenta 
in AtEronomf and Gaopudiy. They aerre lo givii a Uvely rqireaentalion 
of their principal abjeeti t bul the line* and flgiina on both ^be^ are ne- 
e««aBrily imngmuY' 

DEFINITIONS BSLATINO TO THE TIRRESTKIAJ. OLOBE. 

LXXIX. The Axis of the Earth is an imaginary line 
passing through the centre north and south, about which 
the diurnal revolution is represented by the line between A 
and B, %. la 




LXXX. The Poles of the Earth are the extremities 
of the axis, A B. 



LXXXI. The Eqitator is the circumference of an 
imaginary circle, passing round the Earth from east to 
west, perpendicular to. the axis, and at equal distances 
from the j^les ; as the line C D. 

LXXXII. The small circle E F, is called the Arctic 
circle ; the circle O H, is called the Antarctic circle. 

LXXXIII. The circle north of the c%|tor I K, is called 
the Tropic of Cuncer^ that south of tm^uator L M, the 
Tropic of Capricorn, 

LXXXrV. The spaces between the ends north and 
south of the equator, are called Zones : — that space be- 
tween the tropics is called the Torrid Zone ; those be- 
tween the tropics and the polar circles, are called the 
Temperate Zones ; and those to the north of the arctic 
and south of the antarctic circles, are called the Frigid 
Zones, 

LXXXV. Latitude is distance north or south of the 
equator; Longitude is distance east or west measured 
upon the equator, from any assumed point. 

Astronomical circles, whether great or small, are mathe- 
matically divided into 360 equal parts called degrees : — 
of course, the length of a degree depends upon the mag- 
nitude of the circle ; a degree on the surface of the Earth 
is about 69p miles, 

DEFINITIONS RELATIVE TO THE CELESTIAL GLOBE. 

LXXXVI. Since the stars, &c., are represented on a 
convex surface, whereas their natural appearance is in a 
concave one, therefore, in using the celestial globe, the 
student is supposed to be situated in the centre of it, and 
viewing the stars in the concave surface. 



LXXXI. What ia the Equator ? LXXXII. What are the Arctic and Antarctic dr* 
cles? LXXXm. What are the Tropical LXXXIV. What are the Zones, and how 
are they distingaished with regard to different portions of the Earth'» surface! 
LXXXv. What is Latitude ; and what is Longitude 1 How is the circumference of 
eyery circle supposed to be divided 1 LXXaVL What is objierved ccmcemlqg Mm 
use of a celestial globe 7 

18 
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LXXXVII. The line E B, fig. 1 1, is the Tropic of Cafh 
eer. The Una I D, is the Tropic of Capricom ; the Sun 
never goes north of Cancer nor south of Capricom. 

LXXXVIII. The line C F, is the Equator or Equi^ 
noctitU Line, 

LXXXIX. The line B I, is the Ecliptic, and indicates 
the path that the Sun appears annually to pursue in the 
heavens. It is divided into 12 equal parts, called Signs 
of the Ecliptic. 

XC. The points at which the ecliptic intersects the 
equinoctial at 6 H, are called the Equinoctial Points or 
Equinoxes. 

XCI. Those two points of the ecliptic farthest from the 
equinoctial are called Solstices or Solstitial Points. 

XCII. That space in the heavens about 16 degrees in 
width, through the middle of which passes the ecliptic, 
is called the Zodiac. 

XCIII. The Latitude of a heavenly body is its distance 
from the ecliptic ; Longitude is distance from the first 
degree of Anes. 

LXa aviI. What is the Tropic of Cancer, and what the Tropic •f Caprlconit 
LXXXVm. What is the Equinoctial or Celestial Equator 1 LXXXIX. Vl^hat is the 
Ecliptic, and how is it divided 1 XC. What are the Equhioctial Fointi t XCI. WbK 
•re the Solstitial Points 1 XCm. What is the Latitude of a celMtU UOf % WtaiC il 
the Longitude of a celestial body 1 
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XCIV. The Sensible Horizon is an imagfa&ry circle, 
which appears to touch the surface of the Euth^ and 
separate tne visible part of the heavens from the invisible. 
The Rational Horizon is a circle parallel to the former, 
the plane of which passes through the centre of the Earth, 
and divides the heavens into two equal hemispheres. 

XC V. The Poles of the Horizon ■ aire two points, the 
one of which, over the head of the spectator, is called the 
Zenith ; the other, which is under nis feet, is called the 
Nadir, 

XCVI. A circle which passes from north to south 
through the zenith of any place, is called the Meridian^ 
and is said to be the meridian of that place. The meridian 
of any place passing through the poles, and falling per- 
pendicularly upon the horizon, intersects it in two oppo- 
site cardinal points, called North and South. 

XCVII. The Altitude of any heavenly body above the 
horizon is the part of a vertical circle intercepted between 
the body and the horizon, or the angle at the centre of the 
Earth measured by that arc. 

XCVIII. The Azimuth of a heavenly body, is the arc 
of the horizon intercepted between the meridian and a 
vertical circle passing through that body ; it is eastern or 
western as the body is east or west of the meridian. 

XCIX. The Amplitude of a heavenly body at its rising 
or setting, is the arc of the horizon intercepted between 
the point where the body rises, and the east or west. 

C. The Declination of any heavenly body, is its dis- 
tance from the equinoctial, and is either northern or 
southern. 

CI. The Right Ascension of any heavenly body, is its 
distance from the first of Aries reckoned upon the equi* 
noctial. 



XCIX. What i9 meant by the Siensible Hoiiaon, and what by the Rational or True 
Horizon 1 XCV. What are the Poles of the Horiaon, and what are they calledt 
XCVI What is meant by Meridian Y XCVn. What to meant by the Attitude A^ 
mnth, and Amfriitade of a celestial body 1 C. What to meant by Declination 1 CI 
What is meant by Right Aseenatoii t 



i 
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CII. A planet's place, considered as seen from the 
Sun, is called its Heliocentric place, and as seen from the 
Earth, its Geocentric place. 

cm. Two planets are said to be in Conjunction with 
each other when they have the same longitude, or are in 
the same degree of tne ecliptic on the same side of the 
heavens, though their latitude may be diflferent. They 
are said to be in Opposition when their longitudes diflfer 
half a circle, or they are in opposite sides of the heavens. 
See fig. 2, and Prop. xi. 

CIV. The celestial sphere is called Right, Oblique^ or 
Parallel^ as the equator is at right angles, oblique or 
parallcd to the horizon. 

CV. As the Earth revolves round its axis daily from 
west to east, the heavenly bodies appear to a spectator on 
the Earth to revolve in the same time from east to west, 
and the alternate succession of day and night is the effect 
of the revolution of the Earth towards and from the Sun. 

Obsertatian 1. For all the heavenly bodies appearing to move from east 
to west, while the Earth revolves from west to east, the Sin will appear in 
each revolution, to rise above the horizon in the east, and after descnbing a 
ftortion of a drcle, to set in the west, and will continue below the horizon, 
till, by the revolution of the E^arth, it agaia appears in the east ; and thus 
day and night are alternately produced. 

2l Further, as any meridian will, by the diiima] motion of the Earth, re- 
volve from the Sun to the Sun again in. 24 hours, and as only one half of 
the Earth can be enlightened at a time, it is evident that anv particular place 
wUl sometimes be turned toward' the Sun, and sometimes m>m it, and being 
constantly subject to these Various positions, will be subj|ect to a regular suc- 
cession or liffht and darkness ; as long; as the place continues in the enlight- 
ened hemispheue, it will be day; and when^ W the dhirnal rotation of the 
Earth, the place is carried into the dark hemisphere, it will be night. 

CVL As the Earth revolves round the Sun in 365 days, 
6 hours, 9 minutes, 11| seconds, the Sun appears to re- 
volve round the Earth in the same time, but m the con- 
trary direction. 

Observation I. Tt is manifest that the circle in which the Sun appears to 
move, is the same as that in Which the Earth would appear to move, taa 



Cn. What i» to be understood by Heliocentric place, and what by Geocentric 
place 7 Cia When are two celestial bodies said to be in Comunction, and when ill 
Opposition 1 CIV. What is signified by Rif ht, Oblique or Pwailel spheres 1 CV. fc 
what mannec is the alternate successioB of day and night produced 1 QVI. In wbiMl 
>nfth of time does the Eiarth pecform a ceTolatian round, the Sun t 



apecUtot in the Sun. Hence, the apparent place of the Sun being found, 
me true place of the Earth in its orbit is known to be 168° distant. 

2. The orbit in which the Earth revolves round the Sun is not a cirele 
but an ellipse, having the Sun iir one of its focL For, the computations of 
the Sun's place, upon this supposition, allowing for the disturbing forces of 
the planets are found to agree with observations. 

CVII. The annual revolution of the Earth, in common 
with the rest of the planets, round the Sun, is in popular 
language, from westy by south to east ; or to speak more 
phuosophically, it is according to the Order of the Signs ; 
and the same thing may be affirmed with respect to the 
diurnal rotation, 

CVIII. The axis of the Earth, in every part of the 
Earth's revolution about the Sun, makes with tne plane of 
its orb, that is, of the ecliptic, an angle pf about 66° 32' ; 
consequently the planes of the equator and ecliptic, make 
with each other an angle of 234®. 

BlustroHon, Suppose A, B, C, D, fig. 12; fbur difibrent positions of an ar- 
tifidal globe, with a wire running through each as an axis, and the elliptic^ 
line to represent the surface of a table which also represents the plans of iAib 
•cliptic, 'Mie 8 represents a lamp in the centre of the table, or the Sun m 
the centre of tbe system. 

Fig. 12. 




CVn. In what direction is the annual and diurnal motion of the Eafthi 6?ID 
What is the quantity of the ansle formed bv the inclination of the ecliptic to the-fi||» 
■•etiiill Describe the obliquity of the ecliptic by the diafiam. 
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Now let the wires of the gh)be» be so inclined to the sur£eice of the tabf^ 
fts to form an angle with it of 66^ and 32'; hete the wires represent the axis 
of the earth, and the surface of the table, the plane of the ecliptic. The 
axis will consequently form an angle with a perpendicular to the table of 
23^30-. 

At the wires or axes, all the several positions are eqaalfy inclined to the 
plane of tlic ecliptic, they are parallel each with each, and thus properly r^ 
resent the position of the Earth in different parts of its orbit with regard to 
the same. While at A, the Sun shines vertically at the northern tropic its 
farthest point from the equator, while at C, it shines vertically on die 
southern tropic ; the former corresponding with our midsummer, and the lat- 
tar with our winter — the poation* at B, will be that a( autumn, while C cor- 
responds with spring. 

Observation 1. Tne obliquity of the ecliptic is not permanent, but is con- 
tinually diminishing by the ecliptic's approaching nearer to a parellism witfir 
the equinoctial, at the rate of about half a second in a year, or from 5(K' to 
86" in 100 years.— The inclination on January 1, 1815, was 23° 27' 46" nearly. 
The diminution of the obhquity of the ecliptic to the equinoctial, is owing te 
the action of the planets upon the Earth, especially Venus and Ji4>ita. 
The whole diminution, it is said, can never exceed 1°, when it will again 
increase. 

2. Accordine to the cnlcidations of La Grange the obliquity of the eel4>tiB 
has diminished during 2000 yearsj and will diminish during 2000 more ; and 
Schubert has determined its Umits at 20° 34', and 27° 48'. Its variation at 
present is 60" in a century. The change of obliquity will never exceeds 
•ertain limit, as is shown by Physical Astronomy; wmch limit, according to 
hcadace^ is 3^ 42^. 

3. The diminution of the obliquitv of the ecliptic is a consequence of the 
approach of the Earth's axis towards a perpendicular direction to the plane 
of the Ecliptic ; but the Earth's axis has, besides the promeaive motion, a 
tremulous one. by which its inclination to the plane of l|b- ecliptic vanes^ 
backward ana forward some seconds; the period of theae variations is 
nine years. The tremulous motion is termed the NutaMon of die Earth's 
axis. Both these motions of the terrestrial axis are occasioned by the action 
of the Sun, Moon and planets, on the Earth. 

CIX. The axis of the heavens is perpendicular to the 
planea of all the circles which the celestial bodies seem to 
describe in their apparent diurnal motions. For all the 
celestial bodies, from the rotation of the Earth on its axis, 
appear to move from east to west in circles perpendicular 
to the axis. 

Observation 1. Mence it is evident that the planes-ef all the circles of .ap- 
parent daily motion are parallel to the equator and equinoctial^ and that the 
eelestial axis passes through the centres of those circles. 

2. When the Sun, or any other celestial body is in ^e equinoctial, it rises- 

What is said concerning the permanency of the obliquity of the ecliptic? From- 
what cause doe& the diminution of the obliquity of the ecliptic arise 1 What is the 
Kutation. of tlie Earth's axis, and by what itt H occasioned 1 CDC. What is observed 
aoncemin^ the perpendicularity of the Earth's axis to the planes of all the circles Af 
acpurent Uiunial oiotioal Ai Hiliat time dre» the Bajt rise in the cast and set in thifc 
Westli 
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in the east and sets m the wMt For it ikea riBes and sets in ttio points hk 
which the equinoctial intersects the horizon ; that is, because the equinoctial 
lis at ri£|[ht angles to the meridian, whidi passes through the north and south 
points, in the points of east and west 

In north latitude, those celestial bodies which have north declination, rise 
between the east and north i and those v^<^ hare south declineitionj rise- 
between the east and south. 

ex. Those inhabitants who Hve at the equator are m 
a right sphere ; and, consequently, their days and nights 
are always equal. 

ObservaHon 1. An inhabitant at either of the poles of the Earth would be- 
in a parallelsphere ; he would see all the celestial bodies apparently Devolving 
lound him in circles parallel to the horizon, and his day and night would con- 
tinue each a half a year. 

2. But those who live on any pari of the surface of the Earth, between the 
equator and &thear pole, aae in an oblique sphere, and have all the circles of 
daily motion obBque to their horizon. 

CXI. When the Sun, in its apparent annual course, is 
in the points in which the ecliptic intersects the. equinoc- 
tial, the day and night will be of the same length at all 
jdaces on the surface of the Earth ; but when the Sun is 
m any j)ther part of the ecliptic, ihe days will be longer, 
as the Sun's declination towards the elevated pole iir* 
creases, ansLsborter as its declination towards the de-^ 
pressed pouTincreases. 

Obseroaiion. All those celestial bodies which are at any time on the same 
aide of the equinoctial with the spectator, continue longer above the-horiion 
thAn bdow i^ and vice versa, 

CXII. At different places, the hour of the day differs 
in proportion to the difference of longitude; IS degrees 
of longitude making the difference of one hour in time, 
16' one minute of time» 15" one second of time ; and a 
celestial appearance is seen at any given place sooner than 
at places wnich are situated to the west of it, and later at 
places which are situated to the east of it^ 

Observation. The Sun in its apparent diurnal motion, whichis from east to 
west^must arrive at the meridiisn of any given place, as New York, sooner than 
it wUl arrive at the meridian of any place which is situated to the west of New 

In what direction do those celestial bodies rise which have northern declinatioQ t 
ex. What is said concerning the celestial phenomena in a right sphere 1 in a pural* 
>9l sphere, and 4n an oblioue sphere? CXi. When are the' days and nights equaL 
and when unequal? OXu. How does the hour of the day differ at diflerent placas-V 
What is the reason, of that difference X 
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York, and later than at the meridian of any place to the east of New York: 
that is, since it is noon at any place where the Sun is in its meridian, it wiU 
be noon sooner at New York than at places west, and later than at places 
east of New York. 

CXIII. The difference of longitude at two places, may 
be found by observing, at the same lime from both places, 
gome simultaneous appearance in the heavens. 

Obserration. If the eclipse of Jupiter's innermost satellite^- on the very 
instant of its immersion into the shadow of Jupiter, be obsenred by two p^- 
sons at different places, it will be seen by both at the same instant. But if 
this instant, with reference to the day, be half an hour, £ot ezamplei, sooner 
at one place than at the other, because the places djfkx half an hour in their 
reckonme of time, their difference of longitude must be 7° SO^ ; because the 
whole 3&0° are equal to 24 hours, and consequently every 15° are eqpal to 

hour. 



CXIV. The inhabitants of the Earth have different 
names assigned to them by geographers, according to the 
several meridians and parallels of latitude under which they 
Kve, and are called PericBciy AntCBci and Antipodes. 

CXV. Those who live on opposite sides of the Eartlv 

but in the same parallel of latitude, have opposite houis 

of the day, but the same seasons. 

Ob9ervaHon. Being both on the same side of the ecjnator^nd at the same- 
distance from it, when the Sun's dechnation makes it summer or winter in 
ene of the places, it will be the same at the other; but because they are dis- 
tant from each other 180° of lonatude, when it ii noon at one plaee^ it i» 
midnight at the other ; these are called PericdcL 

CXVI. Those who live in opposite parallels of latitude^ 
but under the same meridian, have opposite seasons of 
the year, but the same hour of the day.^ 

Observation. When the Son has its declination towards the north pole^ it 
^11 be summer to those who live in the northern parallel of latituae^ and 
winter to those who live in the southern parallel of latitud& But having the 
same longitude, their hours of the day will be the same ; these are ealled 
AnicBci. 

CXVII. Those who live in opposite parellels of lati- 
tude and opposite semicircles of the meridian, have oppo- 
site seasons of the year, and opposite hours of the day. 

CXin. In what manner may the difference of longitude at two places be aseer* 
tained 1 How is the manne r of ascertaining the difference of longitude at two iHaees 
explained? CXIV. How are the Inhabitants of the Earth denonuiaated accoranf to 
their several situations on the surface 1 CXV. V\rhat are the Peri<BcL CXVL/vAal 
are Aatceci 1 CXVn. What are Antipodes I 



OUenaiion 1. Because thev are in opposite latitudes, thay will have op- 
posite seasons ; and because tney are in opposite semicircles of the meridian, 
they will have noon when it is midnight at the other place ; these are called 
AnHpodes. 

2. These and many other propositions will be more readily and clearly 
understood by means of Artificial Globes and the problems on the globes, 
Ac (See Ryan's New American Grammar of Astronomy ; Treeb/s Ele- 
ments of Astronomy; and other works.) 

CXVIII. The axis of the Earth, in its circuit round the 
Sun, being inclined to the plane or level of its orbit, this 
inclination occasions the succession of the four seasons. 

ObaervaHon 1. It has already been shown that the alternate succession 
of day and night is produced merely by the simple uniform rotation of the 
Earth upon its axis, as must be evident upon a moment's reflection ; but the 
different lengths of davs and nights, in every part of the world, in the course 
of the year, and the phenomena of the different seasons, or those delightful 
changes which we constantly experience of heat and cold, summer and 
winter, spring and autumn, are occaaionea by the annual revolution of the 
Earth about me Sun, in the plane of the ecliptic. 

2. As the EartVs axis makes an an^le of 66^ 32' with its orbit, that is^ 
with the eclij^tic, and always prc»erves its parellelism, it is directed towards 
the same point, at an infinite distance in the heavens ; hence, during one 
half of the year, the north pole is continually illuminated by the Sun, and 
the south pole is all that time in darkness ; and during the other half of the 
year, the south pole is constantly in the light, and the north pole is in dark- 
ness ; and other parts in a proportional degree partake of this vicissitude^ and 
create the vamty of the seasons. 

3. The difiemioe fan the degrees of heat, is owing chiefly to the difierent 
heights to which the Sun lises above the horizon end the wBereat length of 
the days. When the Son rises hichest in summer, its rays fiill less obhquely, 
and consetjoently more of them fiul on anv given portion of the Earth's sor- 
leoe than in winter, when the rays fidl obhquely ; and when the days an 
long, and the n^ts short, the Earth and air are more heated in the day than 
tiiev are cooled m the night, and the reverse when the days are short and the 
Bights long. 

ObaervaHon, It has already been explained, that the ecliptic is the plane 
of the Earth's orbit, and is supposed to be placed on a level with the Earth'g 
horizon, and hence^ that this plane is considered the standard, by which the 
inclination of the Imes crossing the Earth, and the obliquity of tne orbits of 
the other planets, are to be eatunated. 

CXIX. The equinoctial Une, or equator, which is the 
great circle surrounding the middle of the Earth, in a 

flow aiethe several circiunstaiices relatiiufto them illustrated 1 CXVHL What 
causes the variation of the seasons, and the dinerence in the lengths of the days and 
nights? How much is the axis of the Earth inclined to the nlaiie of its orbit 1 Wliat 
|» tho caase of the difference in the degrees of heat 7 CXUL. In what position, i* 
tiis equator, with respect to the ecliptic 1 
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from a to by wheare she arrives at the autumnal eguinoz, or on the 2l8t tt^ 
Septeuiber at which time the Sun's rays foil vertically on the equator andL 
reach both poles, so that the nights and days are equu in every part of the 
globe, each being 12 hours. 

It will be recollected by the pupil that it is only during the time of the 
equinoxes that the Sun^s ra3r8 fall peipendicularly on the equator, for at all 
other limes they are obhque to it. The duration of the equinox is but a 
point of time, inasmuch as the Sun, to use the common language, does not 
remain for a moment on the equator, but moves rapidly across it 

3. In the third position of the Earth, it has moved on in its orbit from b to 
J'f where it arrives the 2l8t of December, or at the time (>f the winter sol- 
stict^ when the northern or arctic circle is entirely obscured and the whole 
antarctic circle is equally illuminated. The rays of the Sun now fall perpen- 
dicularly on the tropic of Capricorn, causing summer in the southern, and 
winter in the northern hemisphere. 

4. The fourth position of the Earth, having moved from / around to n on 
the upper part of the diagram, is in that part of her orbit, where she arrives 
on the 2l8t of March, and which position is called the the vemcd equinox. 
Here the Sun's rays are vertical on the equator, and both poles are enlight- 
ened and the days and nights are again equal in every part of the earth. 

6. From n the last position of the Earth just described, it teturns to a, the 
original starting-place, during which movement more and more of the north- 
cm hemisphere becomes illuminated, and more of the southern becomes ob- 
flcured until it reaches the point a, where the Sun's rays again fall perpen- 
diciilarly upon the tropic of Cancer at which time we have me longest days 
and shortest nights in the northern hemisphere. 

6. It appears from the remarks already made that the motion of the Earth 
in its orbit, is the cause of an apparent motion of the Sun in a contrary 
direction ; hence also the ecliptic as already defined, is the real path of tht 
Earth, but the apparent path of the Sun. 

7. Contrary to what might have been expected we find that the hottest 
Masons at the tropics, are not the exact time when the Sun's rays are ver- 
tical there, but nearly a month later ; and the coldest season, is also iwiiily 
a month after the shortest days, or the time when the Sun's rays are most 
oblique at the tropics. This effect arises from the fact, that the Earth on 
the approach of summer, in the given place continues to accumulate heat, 
for some time after the rays have ceased to be vertical ther& and so in the 
winter, on the approach and after the access of the shortest oays, the Earth 
radiates more heat than it receives fh)m the Sun, which produces an increase 
of cold till a month after the shortest days. 

CXXII. It has been ascertained that the Earth moves 
on in its orbit, at the rate of 68,000 miles an hour. Ita 
movement on its axis to those inhabitants about the equa- 



At what season will the days be longer than the nights every where between the 
equator and the arctic circle 1 At what season will the nights be be loAger than the 
days in the southern hemisphere 1 When will the days and nights be equal m all 
parts of the Earth 1 At what season of the year is the whole arctic circle involved in 
darkness 1 When are the davs and nichts equal all over the world? When is the 
8un in the vernal equinox 1 What is the cause of the apparent motion of the Sun 
fcom east to west. What is the apparent path of the Sun, but the real path of ths 
What is said of the hottest and coldest days in the years? 
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^ V IS ^ ^® T^^ o^ about 1040 miles per hour. Our 
motion therefore in the Earth's orbit is one million six hun" 
dred and thirty-two thousand miles per day^ while our 
motion from the rotation is at the rate of twenty-five 
thousand miles per day. 

ObMrvaHon. These motions and rates of motion are ascertained as fol- 
lows : — ^That of the Earth in its orbit, is obtained from knowing the diame- 
ter and drcomfisrence of the orbit, and dividing the distance by the number 
of days in the ]rear, which will give the space passed through in its orbit each 
da]rs ; and the circumference of the Eartl:^ would constitute the space through 
wnich an inhabitant near the equator w6uld pass per day, from the rotary 
motion of the Earth. 

CXXIII. The motion of the Earth in her orbit, as 
well as that from rotation, is not perceived by us, be- 
cause all terrestrial objects have the same motion ; ■ and 
with none of these can we compare this motion. 

ttLustroHon, If there were other objects stationary near the Earth which 
we could view by passing them^ we should then perceive that one of the 
bodies was in motion, but we might not be able to sajr which it was ; this 
remark is applicable to persons sailing in a ship, or riding in a carriage^ 
whenM^d, trees, houses, dbc, seem to be moving in a direction opposite to 
that in which we go. By carefully watching the Sun er Moon, we can 
peroaf^ them to be in ai^[mrent motion. 

CXXIV. Summer and Winter, The cold of winter is 
caused, not as might naturally be supposed by the differ- 
ence of distance from the Sun from us in summer and in 
winter, for he is really nearer us in winter than in sum- 
mer ; but by the greater obliquity of his rays, as they fall 
upon the Earth, in winter than in summer. 

Obatrvaium. The direction in which the Sun's rays fall upon the Earth, 
in snmmer and in winter, may be learned by inspecting the oiagram fip^ore 
15 (p. 218) where we have the Earth represented as receiving pencils of the 
Sunrs rays, from two different points in the heavens. In the position of the 
Sun, on the right hand the rays fall nearly perpendicular upon the Earth, 
while those ftrom the position on the left fall very obliquely, and as seen by 
inspection of the figur& are spread over nearly twice the space, the neces- 
sary consequence of which is that more rays will be received in any given 
area, where the rays fall perpendicularly, than when they fall obUquelv and 
of course more heat will be produced where these rays strike the Eartn. It 

CXXn. At what rate does the Earth move around the Sunl How fast does it 
ipgve around its axis at the equator 1 How is the velocity of the Eartii ascertained 1 
CXXin. Why are we insensible of the Earth's motion 1 CXXIV. Define the cause 
of cold and heat of summer and winter. How are the principles ejqplainedl Give 
the illoatration. 

19 
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i« wdl known thai the San'i nyi AH much mon 
ern bemiapbere in winter than in the auminei, whit 
tion of the difltraitc of teroperatun e^wcienced. 
Kg.U. 




It may, howsver, be remirked, that the holteat season ia not aBualljr il 
die exact lime of me year, wheo the Sun ia most vertical; and the daya tho 
JopABBL, oa ia the case towarda the ead of June, but some time afterward, aa 
in Aly and' August. 

To account Tor thit, it muM be remembered, that wh«i the Sun ia nearly 
vertical, the Earth accumulalea more beat by day tbui it ravea out at nig^ 
and thai Ihia iccutnulalian conljnuaa to incieaae after the daya begin to 
shorten, and consequently, the greatest eleiadon of tempenlure ia soma 
tims after the longest days. For tbeaame reason, the thennontelergeiwraU]' 
'-" '^ ■ ' ^ " w 3 o'cloek on each day, and Dot 

CXXV, Twilight is occasioned by the atmosphere 
above the horizon reflecting rays of the Sun, when the 

Sun itself is below the horizon. 

Oiwn-tHiJuni 1. When the Sun ia at any point below the horiaoa, il can- 
not be directly eeen by a apeclitor. But, bBcauee raya from the Sun can 
pass to the part of the atmoapherB above ihs head of the speclator, thia put 
of the atmoBphere will be illuminated before the Sun rises, or aftes il aeta, 
and will become vinble by rellection to the ^lectalori that i^ Ivilight wQl 
be produced. 

n .. ■. ._.!_.! :__^_ .1 — "---^-T of the atmOBphere that the heavena 

^ , without it, only that part would be 

h the Sun is placed ; and if we eould live without ak, and 

fhould turn our backa to the Sun, the whole heavens would appear as doik 

CXSV. W]nli»lheMUi«Qflwili«hl» Ho. 
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lift in the nurht. In this tcaae also we should have no twilight, hut a sudden 
transition from the brightest sunshine to dark night immediately after the 
setting of the Sun. 

3. The tvnlight is longest in a parallel sphere, and shortest in a right 
sphere ; and in an obhque spher^ the nearer the sphere approaches to a 
parallel the longer is the twilight, because twilight lasts till tne Sun is 18^ 
perpenoicularly below the horizon. 

CXXVI. The atmosphere also refracts the Sun's rays 
in such a manner, as to bring that luminary into signt 
every clear day, before it rises m the horizon, and to keep 
it in view for some minutes after it is really set below the 
horizon. The effect of this refraction in a right sphere is 
about two minutes of time, or 38' of space, being rather 
more than the diameter of the Sun or Moon. 

Observation 1. From the same cause, all the heavenly bodies appear higher 
than they really are, so that to bring the apparent altitudes to the true onos, 
the auantity of refraction must be subtracted. The higher they rise the less 
are the rays refracted, and when the heavenly bodies are in the zenith, they 
su&r no refraction. 

2. When the evening twilight ends, or the morning twilight begins, a my 
of light from the Sun, reflected from the highest part of the atmosphere, d^ 
scrips after reflection, a line which is in the plane of the sensible horizon. 

CXXVII. A Natural Day is the time the Sun takes 
in passing from the meridian of any place, till it comes 
round to the same meridian again ; but the natural days 
are not equal to each other ; and the Equation of TSmc, 
is the diflterence between the mean length of the natural 
day or 24 hours, and the length of any single day meas- 
ured by the Sun's apparent motion, or between mean time 
and apparent time, 

Obaeroaiion 1. For any natural day is the time in which the Earth per- 
forms one revolution on its axis, and such a portion of a second revolution 
as is equal to the Sun's increments of right ascension for that day ; but the 
Sun's daily increments of right ascension are unequal ; therefore the addi- 
tional portion of the second revolution will sometimes be greater and aome- 
timoi less, and consequently, the times in which the natural days &re com- 
pleted will be unequal 

2. If the Sun were to move uniformly round the equinoctial in the same 
time in which it appears to describe the ecUptic, its apparent daily motion 
would be a measure of mean tim& For the natural days in that case being 
liable to no variation, either from the inclination of the Sun's apparent orUl^ 
or the irregularity of its motion, must be equal. 

Where is the twilight longest and shortest 1 CXXVI. What effect does the a^ 
mosphere have on the Sun's ra^s 1 Why do we see the Sun or a star before it is 
really above the horizon at rising ; and after it is below the horizon at setting f 
CXXVII. What is a Natural Day 1 What is the Equation of Timel What \a meant 
by mean time and apparent time 1 
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THE MOON. 

CXXVIII. There is no object within the scope of as- 
tronomical observation which affords greater variety of 
interesting investigation than the various phases and mo- 
tions of the Moon. From them the astronomer ascertains 
the form of the Earth, the vicissitudes of the tides, the 
causes of eclipses and occultations, the distance of the 
Sun, and consequently, the magnitude of the solar system. 

CXXIX. When the Moon, after having been in conjunc- 
tion with the Sun, emerges from his rays, she first appears 
in the evening, a little after simset, like a fine luminous 
crescent with its convex side towards the Sun. If we 
observe her the next evening, we find her about 13° farther 
cast of the Sun than on the preceding evening, and her 
crescent of light sensibly augmented. Repeating thee 
observations, we perceive that she departs farther and far- 
ther frt>m the Sun^ as her enlightened surface comes more 
and more into view, until she arrives at her Jlrst quarter^ 
and comes to the meridian at sunset. She has then 
finished half her course from the the new to the full, and 
half her enlightened hemisphere is turned towards the 
£arth. 

After her first quarter, she appears more and more gib^ 
bous, as she recedes farther and feurther firom the Sun, 
until she has completed just half her revolution around the 
Earth, and is seen rising in the east when the Sun is set- 
ting in the west. She then presents her enlightened orb 
fim to our view, and is said to be in opposition ; because 
she is then on the opposite side of the Earth with respect 
to the Sun. 

In the first half of her orbit she appears to pass over 
Qur heads through the upper hemisphere ; she now de- 
scends below the eastern horizon to pass through that part 
of her orbit which lies in the lower hemisphere. 

After her full, she wanes through the same changes of 

in. What important purpoaea doea the Moon aefre to the aatr ouo m tft 
Describe the apparent meticMiof the Moon and bar pbMea. 
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appearance as before, but in an inverted order ; and we 
see her in the morning like a fine thread of light, a Uttle 
west of the rising-sun. For the next two or three days 
she is lost to our view, rising and setting in conjunction 
with the Sun ; after which she passes over, by reason of 
her daily motion, to the east side of the Sun, and we be 
hold her again a new Moon, as before. In changing sides 
with the Sun, she changes also the direction of her ores 
cent. Before her conjunction, it was turned to the east* 
it is now turned towards the west. 

CXXX. These different appearances of the Moon are 
called her phases. They prove that she shines not by 
any light of her own ; if she did, being globular, we should 
always see her a round full orb like the Sun. 

, lUustratian. The various phases of the Moon . may be understood by in 
4pecting the woodcut, fig. 16, page 221. . 

- ' In fig. 16, S is the the Sun, T ik0 Sarth, A.B C, &e.^ the Moon ist 
tto orbit. One half of the Moon is always enlightened by the Sun. At A, 
ike Moon is between the Earth and Sun, it is then nmp } and is invisible 
MB represented At a f at B the enlightened part x zia turned to tlie Earth, 



and it appears fcwwcd as at 6 ; at C the half of the nnlightrni#.Bdr is turned 
^ the Earth, aad it appears a half moon ais at c s at D the pait x zis turned 
■%S the Earth, ^d it appears as at c2 ; and at E the whole of the eolightened 



•art of the Moon is turned to the Earth, and we have full moon as at e. As 
M passes through the nil of the orbit, it puts on Uie fUmt phases as beforei. 
lat in a contrary order. 

CXXXL The Moon is a satellite to the Earth, about 
which she revolves in an elliptical orbit, in 29 days, 12 
kdlun, 44 minutes, and 3 seconds ;. the time which elapflea 
between one new Moon and' mollier. This ia called her 
9ynodical revolution. Her revolution from any fixed star 
to the same star again, is called her periodic or sidereal 
revolution. It is accomplished in 27 days, 7 hours, 43" 
minutes and 11^ seconds ; but in this time^the Earth has 
advanced ijearty as naany degi'ees in her orbit ; consc* 
quently the Moon, at the end of one complete revolution, 
must go as many degiees farther, before she will come 



CXXX. How is it known that the Itf&on does not shhie by her own light? CXXXL 
About wliat does the Moon revoWe, and what is the figure of her orbit % What \%Xb» 
time of hor revolution from one new Moon to another 1 What is this revolutioir de- 
ncoMnatcdl What i» her poriedic oc sidereal; leTolation? la what tinoA is ^s H 
Mcoin(>li8hed.T 
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again into the same position with respect to the Sun and 
the Earth. 

CXXXII. The Moon is the nearest of all the heaven- 
ly bodies^ being about 30 times the diameter of the Earth, 
or 240,000 miles distant from us. Her mean daily motion, 
in her orbit, is nearly 14 times as creat as the Earth's ; 
since she not only accompanies the Earth around the 
Sun every year, but in the meantime, performs nearly 
13 revolutions about the Earth. 

CXXXIII. The MocxQ, though apparently as large as 
the Sun, is the smallest of all the heavenly bodies that 
are visible to the naked eye. Her diameter is but 2162 
miles ; consequently her surface is 13 times less than that 
of the Earth, and her bulk 49 limes less. It would re» 

Suire 70,000,000 of such bodies to equal the volume of 
le Sun. The reason why she appears a» large as the 
Sun, when, in truth, she is so much less, is bec^e she 
is 400 times nearer to u» than the Sun is. 

CXXXIV. The Moon revolves once on her axis exactly 
in the time that she performs her revolution around the 
Earth. This is evident from her always presenting the 
same side to the Earth ; for if she had na ro^ttion upon 
her axis, every part of her surfiEu:e would be presented \xy 
a spectator on tne Earth, in the course of her synodical 
revolution. It follows, then, that there is but one day and 
night in her yeavy containing both together, 29 days, 12 
hours, 44 minutes and 3 seconds. 

CXXXY. As the Moon turns on her axis only as she 
moves around the Earth, it is plain that the mhabitants of 

To what is the diflference of time in these two revolutions owing 1 GXXXn. How 

gre»t » the distance of the Moon from tha Earth compared with that of the other 
eavenly bodies 1 What is her distance from as 1 What is her motion in her orbit, 
eompared with the Earth's 1 How many times does she revolve arotind the Earth, 
every year I CXXXm. What is her inagnltude, compared with that of the other 
heavenly bodies T What is her diameter 1 How great are her surface and her bulk, 
compared with thoee of the Earth t How many sodi- bodies wonki it require to 
equal the volume of the Sun 7 Why does she appear as large as the Sun, when in' 
reality she is so much lessl CXXXlV. Wliat is the time of her revolution on her 

Sps, compared with that of her revoluticm around the Earth ? How is this proved? 
ow many days and nights then has she in the course of \i&t synodical revolution I 
What is the length of both united 1 GXXXV. StsctSbe Vtfi Qhenomena ot tho Eaxflfc 
M Mtn b; tht whabitaott of the Mooik 
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one half of the lunar world are totally deprived of tfic 
sight of the Earth, unless they travel to the opposite 
hemisphere. This we may presume they will do, were 
it only to view so sublime a spectacle ; for it is certain 
that the Earth appears to the Moon ten times larger than 
any other body in the universe. 

As the Moon enlightens the Earth, by reflecting the 
li^ht of the Sun, so likewise the Earth illuminates the 
Aloon, exhibiting to her the same phases that she does to 
us, only in a contrary order. And as the surface of the 
Eai'th is 13 times larger than that of the Moon, the Earth 
when full to the Moon, will appear 13 times larger than 
the full Moon does to us. That side of the Moon^ there- 
fore, which is towards the Earth, may be said to have no 
darkness at all, the Eardi constantly shining upon it with 
extraordinary splendour when the Sun is absent ; it there- 
fore enjoys successively two weeks of illumination from 
the Sun, and two weeks of earth-li^t from the Earth. 
The other side of the Moon has alternately a fortnight's 
light, and a fortnight's darkness. 

CXXXYI. As the Earth revolves on its axis, the 
several continents, seas and islands, appesur to the lunar 
inhabitants like so many spots, of ainerent fonns and 
brightness, alternately moving over its surface, being more 
or less brilliant, as they are seen through intervening 
clouds. 

CXXXVII. By these spots, the lunarians cannot onty 
determine the period of the Earth's rotation, just as we do 
that of the Sun, but they may also find the l(mgitude of 
their places, as we find the latitude of ours. 

As the full Moon always happens when the Moon is 
directly opposite the Sun, all the full Moons in our win- 
ter j must nappen when the Moon is on the north side of 
the equinoctial, because thm the Sun is on the south side 



CXXXVI. As the Earth revolves on its ax! sjiow do its eontinents^seas, and islandi^ 
appear to the lunar inhabitants 1 CXXXVu. For what purposes may these spots 
serve to the lunarians 1 What are the periods of the Moon's presence and absenee 
to the polar inhabitants 1 Explain this 



of it ; consequently, at the north pole of the Earth, there 
-will be a fortnight's moon-light and a fortniglit's darkness 
by turns, for a period of six months, and the same will be 
the fact during the Sun's absence the other six months, at 
the south pole. 

CXXXVIII. The Moon's axis being inclined only about 
li° to her orbit, she can have no sensible diversity of sea- 
sons ; from which we may infer, that her atmosphere is 
inild and uniform. The quantity of light which we de- 
rive from the Moon when full, is at least 300,000 times 
less than that from the Sun. 

CXXXIX. When viewed through a good telescope, 
the Moon presents a most wonderfm and interesting as- 

Sect. Besides the large dark spots, which are visible to 
le naked eye, we perceive extensive valleys, shelving 
rocks, and long ridges of elevated mountains, projecting 
their shadows on the plains below. Single mountains 
occasionally rise to a great height, vrhile circular holIoWiS, 
more than three miles deep, seem excavated in the plains. 

CXL. Her mountain scenery bears a striking resem- 
blance to the towering sublimity and terrific ruggedness 
of the Alpine regions or of the Appenines, after which 
some of her mountains have been named, and of the 
Cordilleras of our own continent. Huge masses of rock 
rising precipitously from the plains, lift their peaked sum- 
mits to an immense height in the air, whue shapeless 
crags bans over with their projecting sides, and seem on 
the eve of being precipitated mto the tremendous chasm 
below. 

CXLI. Around the base of these frightful eminences, 
are strewed numerous loose and unconnected fragments, 
which time seems to have detached from their parent 

CXXXVUL Why cannot the Moon have any aenaible oUversitr of aeaaona 1 What 
then may we infer to be the character of her 0^aMM|>here 1 What is the quantity of 
Hgbt which ahe afibr<b when ftiO, compared with tMt of the Snnl CXaXDC. I>e 
Bciibe the appearance of tlie Moon when seen through a good teleaoope. CXL. What 
monntaina of the Earth does her moontain ■cenery reMiBi>le % CXII. I>eaerib« Hw 
^ipearanee around her movotaina. 
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mass ; and when we examine the rents and ravines whidi 
accompany the overhanging cliffs, the beholder expects 
every moment that they are to be torn from their base, 
and that the process of destructive separation which he 
had only contemplated in its effects, is about to be ex- 
hibited before him in all its reality. 

GXLII. The range of mountains called the Appenines, 
which traverse a portion of the Moon^s disk from north- 
east to southwest, and of which some pans are visible to 
the naked eye, rise with a precipitous and craggy front 
from the level of the Mare Imbrium^ or Sea of Showers.* 
In this extensive range are several ridges whose summits 
have a perpendicular elevation of four miles and more ; 
and thougn they often descend to a much lower level, 
they present an inaccessible barrier on the northeast, 
while on the southwest they sink in gentle declivity to 
the plains. 

CXLIII. There is one remarkable leiQEffrS in the Moon's 
surface which bears no analogy to any tiling observable on 
the Earth. This is the circular cavities which appear 
in every part of her disk. Some of these immense caverns 
are nearly four miles deep, and forty miles in diameter. 
They are most numerous in the southwestern part. As 
they reflect the Sun's rays more copiously, they render 
this part of her surface more brilUant than any other. 
They present to us nearly the same appearance as our 
Earth might be supposed to present to the Moon, if all 
our lakes and seas were dried up. 

CXLIV. The number of remarkable spots in the Moon, 
whose latitude and longitude have been accurately de- 
termined, exceeds 200. The number of seas and lakes. 



* The name of a lunar spot 



CXLH. On what part of her disk is that range of mountains, called the Appenines, 

rttuatedl DeHcribe it. CXLHI. What remarkable feature in the Moon's euriaeS 

bears no analogy to any thing observable on the Earth's sur&cel Describe thefr 

•fm«»nuice1 CXUV. What is the number of rMoarkable spots in the Bfooa't 

whose latitude and longitude have been nccanrtelj detennined 1 
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aa they were fonnerly considered, whose lencth and 

breadth are known, is between 20 and 30 ; while the 

number of peaks and mountains, whose perpendicular 

.,^^. elevation varies from a fourth of a mile to five miles in 

if^'bdght, and whose bases are from one to seventy miles in 

V length, is not less than one hundred and fifty. 

CXLV. Graphical views of these natural appearances? 
accompanied with minute and famiUar descriptions, con* 
Btitute what is called Selenography^ from two Greek 
words, which mean the same thing in regard to the Moon, 
as Geogrcg^hy does in regard to the Earth. 

CXLVI. An idea of some of these scenes may be 
formed by conceiving a plain of about 100 miles in cir- 
cumference, encircled by a range of mountains, of various 
forms, three miles in perpendicular height, and having a 
mountain near the centre, whose top reaches a mile and a 
half above the level of the plain. From the top of this 
central mountwii the whole plain with all its scenery, 
would be distincdy visible, aiid the view would be bounded 
only by a lofty amphitheatre of mountains, rearing their 
summits to the sky. 

CXLVII. The bright spots of the Moon are the moun- 
tainous regions ; while the dark spots are the plains, or 
more level pans of her surface. There may be rivers or 
small lakes on this planet ; but it is generally thought, by 
astronomers of the present day, that there are no seas or 
large collections of water, as was formerly supposed. 
Some of these mountains and deep valleys are visible to 
the naked eye ; and many more are visible through a 
telescope of but moderate powers. 



What is the number of seas and lakes, as they were ibrmeriy considered) 
Whose dimensions are known 1 What is the number of peaks and mountains 
whose perpendicular elevation varies from a fourth of a mile to five miles, and whose 
bases are from one to seventy miles in length 1 CXLV. Define Selenography. 
CXLVI. Give an iUustnition to enable us to form some idea of some of these scenes. 
CXLVII Which spots are the mountainous regions, and which the plains Y Do as* 
tronomers now suppose, as they did formerly, that there are large collections of 
water on. the Moon's sar&ce 1 Are any of her mountains and valTeys visible to the 
«^ed eye t 
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CXL VIII. A telescope which magnifies only 1 00. time8» 
will show a spot on the Moon's sunace, whose diameter 
is 1223 yards ; and one which magnifies, a thousand times^ 
will enaible us to perceive any enlightened object on 
surface whose dimensions are only 122 yards, which d 
not much exceed the dimensions of some of our p ' 
edifices. 

lUustration. For instance, the Capitol at Waaliiagtmi, or St. Paul's CS»- 
thedral. Professor Fraunhofer of Munich, recentfj ianonnced that he htd 
discovered a lunar edifice, resembling a fortifieaium, together with Mscrst 
Hfus qf. road. The celebrated astronomer Schroeter, coi\jectures the ex- 
istence of a great city on the east side of the Moon, a little north of her equa- 
tor, an extensive canal in another place, and fields of vegpetation inanotlKr. 

CXLIX. It may be demonstrated firom the laws of 
optics, that there exists no physical impossibility to the 
construction of instruments sufficiently powerful to settle 
the question of the Moon being inhabited. The difiiculty 
which prevented the great telescope of Herschel firom 
revealing this secret, was not so much the want of power 
in the lens, as of light in the tvbe^ to rei^jer objects dis- 
tinct under such an expansion of the ▼lUP'-Tays. 

SOLAR AND LUNAR ECLIPSES. 

CL. Of all the phenomena of the heavens, there are 
none which engage the attention of mankind more than 
eclipses of the Sun and Moon ; and to those who are un- 
acquainted with astronomy, nothing appears more wonder- 
ful than the accuracy with which they can be predicted. 
In the early ages of antiquity they were regarded as 
alarming deviations firom the established laws of nature, 

fresaging great public calamities and other tokens of the 
)ivine displeasure. 
An eclipse of the Sun takes place when the dark body 
of the Moon, passing directly between the Earth and the 

CXLVm. How small a spot on the Mooa's surface can be seen by a telescope 
which magnifies 100 times 1 How small an enlightened object can be seen bv one 
which magnifies 1000 times T Mention any public edifices which are of nearly the 
same dimensions. CXLIX. Why may not a telescope be made by which we can 
determine the question of the Moon being inhabited? CL. How were eclipses re- 
garded in the early ages of antiquity T Wliat causes eclipses of the Son 
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Sun, intercepts his light. This can happen only at the 

instant of new Moon, or when the Moon is in conjunction ; 

:for it is only then that she passes between us and the 




An eclipse of the Moon takes place when the dark body 
f the Earth, coming between her and the Sun, intercepts 
ids light, and throws a shadow on the Moon. This can 
happen only at thie time of full Moon, or when the Moon 
is m opposition ; for it is only then that the Earth is be- 
tween her and the Sun. 

As every planet belonging to the solar system, both 
primary and secondary, derives its light from the Sun, it 
must cast a shadow towards that part of the heavens 
which is opposite to the Sun. This shadow is of course 
nothing but a privation of light in the space hid from the 
Sun by the opaque body, and will always be proportioned 
to the magnitude of the Sun and planet. 

If the Sun luidplanet were both of the same magnitude, 
the form of lljppkulow cast by the planet, would be that 
of a cylinder, and of the same diameter as the Sun or 
planet. 

CLI. An eclipse of a heavenly body is caused by an- 
other heavenly body passing over its disk and obscu- 
ring its surface. 

CLII. The Moon is eclipsed, when she is received in 
the Earth's shadow, as seen in fig. 17, page 232, where 
is represented the Moon passing through the Earth's shad- 
ow. It has been ascertained by careful astronomical cal- 
culation, that when the Sun is at his greatest distance 
from the Earth, and the Moon at her least distance, the 
Moon's shadow not only reaches the Earth, but nearly 
20,000 miles farther : but on the contrary, when the Sun 
is nearest, and the Moon farthest from the Earth, the 
Moon's shadow extends only 220,000 miles, terminating 

What causes eclipses of the Moon 7 In what direction does every planet of the 
solar system cast a shadow 1 What is this shadow, and to what is it proportional? 
If the Sun and planet were both of the same magnitade, what would be the form of 
the shadow, and its diainetQrf CLI. Define an eclipse. CLH. What occasions an 
eclipse of the Moon 1 

t 20 
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SOyOOO miles before it reaches our Earth. No ecHpse 
either of the Sun or Moon can happen, unless the 'Sun, 
Moon, and Earth, are in, or nearly in a straight line. 

CLIII. If the orbit of the Moon were exactly in the 
game plane as that of the Earth, there would be an eclipse 
of the Sun every time that the Sun and Moon happened 
to be on the same side of the Earth. This eflFect is pre- 
Tented, by the angle which is made by the plane of the 
Moon's orbit, with that of the Earth's orbit, which is 5^ 
3(K. Were it not for the angle above named, there would 
be an eclipse of the Sun every lunar month. 

CLIV. The nodes of the Moon are those points in her 
orbit, where the plane of her orbit, cuts the plane of the 
Earth's orbit ; or in other words, it is those places where 
the Moon's and the Earth's orbit cross each other. 

CLV. These two nodes are denominated the ascending 
and descending nodes, the reason of which will be obvious 
if we suppose for the sake of illustration, .jlie plane of the 
Earth's orbit to be horizontal, and that of the Moon's or- 
bit inclined but crossing that of the Earth ; now one half 
of the Moon's orbit would then be below that of the Earth, 
and the other half above it. Accordingly when the Moon 
crosses the Earth's orbit to go below it she is said to pass 
through her descending node : when on the contrary, she 
is rising into the upper portion of her orbit, she is said to 
pass her ascending node. 

CLVI. The Moon like the other heavenly bodies, has 
an elliptical orbit as may be seen by inspecting fig. 14, 
page 215, where the Earth is represented in an elliptical 
orbit, and then seen within it near the centre, where the 
Moon must be nearer the Earth in some parts of her or- 
bit than in others. When she is in the nearest part, she 

In eclipses of the Moon, what planet is between the Sun and Moon f In eclipses 
of the Sun, what planet is between the Sun and Earth 1 CLm. Why is there not 
SB eclipse of the Sun at every coi^unction of the Sun and Moon 1 How many de- 
grees is the Moon's orbit incbned to that of the Earth 1 CUV. What are the irades 
of the Moon 1 CLV. What is meant by the ascending and descending nodes of the 
Moon 1 CLVI. What is is the Moon's apogee, and ii& her perigee V 
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is said to be in perigee, but when in the farthest part, in 

CLVII. The Moon must be at or near her nodes du- 
ring an eclipse, because the Sun, Moon, and Earth never 
come in the same line except in this position. 

CLVIII. The reason eclipses do not happen more fre- 
quently, and more regularly is, because the Moon in pas- 
sing her nodes is not in conjunction with the Sun, more 
than twice or thrice in a year. 

CLIX. It is found both by calculation and by observa- 
tion, that the average number of eclipses of Sun and 
Moon together annually is four. Seven is the most, and 
two the least that can occur in a year. 

CLX. To have an eclipse of the Sun, the Moon must 
be within 16Jo of her node, which nmst also be at the 
time of new Moon ; and to have an eclipse of the Moon, 
she must be wi^iin 12° degrees of her nodes, and this at 
the time of foil Moon. Now as the former condition of 
things takes place much more frequently than the latter, 
there must necessarily be more solar than lunar eclipses 
in any given term of years. 

CLXI. Though solar eclipses occur in reality more 
frequently than lunar, yet an individual in any given place 
on the Earth, will see a greater number of the latter in a 
given time than of the former ; the cause of which seems 
to be this : the lunar eclipse is produced by the shadow 
of the Earth on the Moon, and is visible to the whole 
hemisphere of the Earth, that is towards the Moon; there- 
fore one half of the inhabitants of our Earth would see 
an eclipse of the Moon if the Earth were at rest on her 
axis, but as she is constantly rotating more than half the 



CLVn. yfhj mutt the Moon be at or near one of her nodes, to occasion Bn eclipse ^ 
CLVnL Why do not eclipses happen often, and at regular periods 1 CLIX. What is 
the greatest, and what the least number of eclipses, that can happen in a year 1 CLX. 
Why will there be more solar than lunar ecunses, in the course of years 1 CLXL 
Why will more lunar than solar eclipses be tisible at one place Y 
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inhabitants must see every lunar eclipse. The sdar 
eclipse is produced by the shadow of me Moon, fidfing 
on the Earth, and can never cover a space of more than 
5,000 miles in diameter and a total eclipse, only 175 miles 
in diameter. The consequence is that the' inhabitants of 
any given place on the Earth, will see at least half of all 
the lunar eclipses, while the same individuals may not 
see more than one fourth of the solar eclipses. 

CLXII. Lunar ' Eclipses as already described arise 
from the passage of the Moon into the shadow of the 
Earth, so the Sun's rays are prevented from reaching the 
Moon and she is said to be eclipsed. 

CLXIII. The eclipse is partial when the shadow cov- 
ers but a part of her disk, and total when it covers the 
whole. 

JUustraHon. Fig. 17 below, represents a total edipse ; on the left of the fig- 
ure is the Sun, to the right of which is the Earth, and the Moon in her orbit 
passing through the Earth's shadow which comes to a conical pomt at the 
extreme right of the figure. It will be quite evident firom inspection of the 
figure, that the Moon thus obscured, would be visible to all spectators on 
that hemisphere of the Earth, ihat is turned towards the Moon, such ecli^ 
•68 only occurring at full Moon, as is evident from its position with regard 
to the Earth and Sun. 

Pig. 17. 
Eclipse of the Moon. 




CLXIV. Solar Eclipses take place when the Mo6n 
comes between the Earth and the Sun, and the Moon's 
shadow is received on the EartL 



CLXn. Define a lunar eclipse. CLXm. Why is the same ecMpae total at one 
place, and only partial at another) CLXIV. D«fi£e a solar eclipsa. «" « one 
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. CLXV. Solar eclipses are total, partial, central and 
mirttfffr They are total, when the Sud's disk is entirely 
oSacured, and partial when it is partly illuminated, and 
partly obscured. They are central, when the centres of 
the Sun, Moon, and Earth, are in the same straight line. 

CLXVI. A total eclipse is confined to an area not 
more than 200 miles in diameter while a partial eclipse 
may extend over 4,000 miles. 

BlustraHon. The following cut is introduced, to show how small an area 
on the Earth is totally eclipsed in a solar eclipse. Here S, fig. 18 representf 
the Sun, while on the left of the fiffure, is the Earth and the Moon obstruct- 
ing the Son^s rays and casting a shadow on a small portion of the Earth. 

Pig. la 

Eclipse of the Son. 




CLXVII. A central eclipse is annular, when the Moon 
is at so great a distance from the Earth, that its area is 
not large enough to conceal the entire disk of the Sun, 
and there will be seen surrounding her dark body^ a ring 
of dazzling light. 

MiuBtroHon. This is seen in the following diagram, fig. 19. where S repre- 
sents the Sun, m the Moon, o the apex of the conical shaaow, in any i)art 
of whieh ihe eeiipse will be total This conical shadow m o, when the Sun 
is at his greatest, and the Moon at her least distance from the Earth, termi- 
nates !^,000 miles before it reaches the Earth; so also when the Sun and 
Moon are at their mean distances from the Earth, their shadow terminates 
a little bdbre it reaches the Earth, and if any i^orson stand a little beyond 
the point o, he will see the luminous ring bordering the Sun's diriE, while the 
central portions are obscured by the Moon which intenrenes. 

The partial shadows D and C, are called the ptnumbra, while the dark 
shadow m 0^ is call the umbra. 



CLXV. How many TarietieB of solar eclipses 1 Define totatf parHaLBnd central. 
CLXVI. What spaces are eoTered by total and by jpartiaL eclipses 1 CLXVIL How 
does a ceotrsl eclipse become annolarl CUve the ttluslntioii by the disfrsss. 

22^ 
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Fig. 19. 




It will be seon by inspection of fiff. 19, that an ec^pae wfll be total oalj la 
Iboae within the umbra, and partial to all without it; it wfll be eentral to al 
thoaa in a hne corresponding with m o, or with a Ime pasnag t hr o u gh the 
oentre of the Sun S, the centre of the Moon fn, and extends thnag^ •; it 
will be annular only to those behind o, and in the direct line S m «. 

CLXVIII. It will be remembered that the Earth 
would appear to a spectator in the Moon, much the same 
as the Moon appears to us, but larger. If therefore we 
suffer a solar eclipse, the Earth will appear to the Moon, 
as the Moon does to us in a lunar eclipse, but the shadow 
will be confined to a small space, ana will appear like a 
dark spot. If we have a lunar eclipse, a spectator in the 
Moon, would have a solar eclipse, caused bj the Earth 
coming between him and the oun. 



THE TIDES. 

CLXIX. The oceans and most seas are obserred to 
be incessantly agitated for ceruin periods of tinse, first 
from the east towards the west, and then a^in from the 
west towards the east. In this motion, which lasts about 
six hours, the sea gradually swells ; so that entering the 
mouths of rivers, it drives back the waters toward ibeir 
source. After a conditional flow of six hours, the seas 
seem to rest for about a quarter of an hour; they then 
be^n to ebb, or rctii:e back again from west to east for 

Are annnhur ecllpaes ever total In any part of the la rthT Ih MmnlMr eeSpae^ 
m^^t Mut of the Moea*f shadow roM^hea the Barlli ^ CUCVm. What to aaid eo«* 
•eUpaea of the Earth, as aoen fromfte Moonl CLXIX Define the tidea. 



six ^oon ucve ; utd the nren again resume their natiuil 
coatMfl. Then after a Beeming pause of a quarter of an 
hoiir, the seae again begin to flow aa before. Tliia 
regular and alternate motioa of tbe sea conatitutes the 
tides, <^ which there are two in something less than 
twenty-five hours. 

ObMPMfbn. Tbe inoientt onnadend tli« Abing (nd flowing at Ae tidM 
M one of iba fmtnt mf steriea in nature, md were nlurly al ■ kiaa to ac- 
MODt br thain. Gibleo ind Descartes and partieulBrly EopUr, made aome 
—ee c irfil adraneea toward ascerUining Ibe cause ; but Sir lauc Newton 
WM the Snt wbo dearly ahowed wbai were ibe ctatt agenu in produciBg 

CLXX. Tides are caused by the atfraction of tbe Sun 
and Moon, but mostly by that of the Mbcn, the tendency 
of which is to draw tbe waters of the ocean on that side 
next the Moon away Irom the centre of the Earth ; again 
wltile the Moon attracts the centre of the Earth, more man 
rtw water, in the hemisphere opposite to her, the Earth is 
(bawn away from those waters causing them to be eleva 
tad, producing a tide simultaneous with the first. 

L L«t i^L«,flg. 20ib« tbe Bartb, ud C ila ««atot btlht 
Fig. SO. 




OlHtha Hibauceof Uia oDHmilon. CLXX Whit la l)w 
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dotiMl drcW P N Kprewnt a vomm ot water coyemg the smfiiee of the 
Karth ; lot M fM, be the Moon ; S «, the Sun in difierent stuatioiia. Be- 
eau« the po^vx of gravity diminishes as the squares of the distances in- 
OMiatv th^ wsuTti on the side of the Earth A are more attracted by the Moon 
at M« than the central pans of the Earth C, and the central parts are more 
aitract<^ than the waters on the opposite side of the Earth at L ; conse- 
quently the wsttTS on the side L will be attracted less than the centre^ or 
will ivcftfo from the ct*ntre. Therefore, while the Moon is at M, the waters 
will ruit> towards a and I on the opposite sides of the Earth A L ; while, br 
the oblii]ut atmrtit>u of Uio Moon, the watera at P and N will be deprcMeo. 

i)tutrrt\tiion. That the Moi^n, says Sir John Herschel, should by her at- 
tneik)n, hi-ap up the wnu^rs ist the ocean under her, seems to most persons 
wry natural ; but that the same cause shoald at the same time, heap them 
up on the- i>p}Hutiie side, stvms, to many, palpably absurd. Yet nothing is 
more true, nc>r uuiev^l n>ore oident, when we consider that it is not by her 
uiit*l* atirneiion, hui hy the difTerenccs of her attractions at the opposite snr- 
frc«ni and at the ivnTn\ that the waters are raised. 

That th«- tklt^ are depi^ndaiit uix)n some known and detenninate laws, is 
•vidc^nt fi\>in the exact time of nigh water being previously given in every 
spheniens, ami in many of the common almanacs. 

Tile Mixtn iMines every day later to the meridian than on the day pre- 
eading, aiul her exact time is known by calculation; and the tides in any 
and e\ery pl«e«\, will be found to follow the same rule ; happening exactly so 
much later evtTv day as the Moon a>mes later to the meridian. From this 
•xact i\>iiiiirinitV to the nKttiims of the Moon, we are induced to look to her 
as the cauM" ; and to infer that those phenomena are occasioned principally 
by the MiKiu's at I rectum. 

CliXXI. If the Earth were at rcst^ and there were no 
attractive influence from either llie Sun or Moon, it is ob- 
vious frt>ui tlie principles of gravitation, that the waters 
in tiie ocean would be truly spherical ; (as represented by 
fig. 21) but daily observation proTes that they are in a 
state of coniinual agitation. 






What is Hhr John Hersebal>STemaik upon this theory) How is it kMnm that the 

tides are aovenied by any aseertained law 1 What eofncfclenee Isbbserred between 

•**• ■oerknan passaf e of the Moon, and the lime of hMi water Y What coochnieB 

PS derive firom this coiocklenee 1 CLXXI. If the Earth were at rest, and aader 

tosnee fkxMB the attraction of the San or Moon, what shape wouM the waters 

ist 
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CLXXII. If the Earth and Moon were without motion, 
and the Earth covered all over with water, the attraction 
oi the Moon would raise it up in a heap, in that part of 
the ocean to which the Moon is vertical, as in figure 22, 
and there it would, probably, always continue ; but by the 
rotation of the Earth upon its axis, each part of its surface 
to which the Moon is vertical is presented to the action 
of the Moon ; wherefore, as the quantity of water on the 
whole Earth remains the same, when the waters are ele- 
vated on the side of the Earth under the Moon, and on the 
opposite side also, it is evident they must recede from the 
intermediate points, and thus the attraction of the Moon 
produce high water at two opposite places, and low water 
at two opposite places on the Earth, at the same time, as 
represented by figure 23. 

BhiatraHon. This is evident from the fpUowing figure. The waters can- 
not hw in one place, without foiling in another ; and therefore they must fall 
aa low in the horizon at C and D, as they rise in the senith and nadir at A 
and B. 

Fig. 24. 





CLXXIII. The length of the lunar day, that is, of the 
interval from one meridian passage of the Moon to an- 
other, being at a mean rate, 24 hours, 48 minutes and 44 
seconds ; me interval between the flux and the reflux of 
the sea is not at a mean rate, precisely six hours, but 
twelve minutes and eleven seconds more, so that the time 
of high water does not happen at the same hour, but is 

about 49 minutes later every day. 

, ' ■ - 

C3LXXIL Sappose the attractive power of the Moon upon the Buth U> be as it ia^ 
and neither the Euth or Moon to have any motion, what would be the re aultl How 
would this condition of things be affected by the Earth's rotation 1 CLXXHI- What 
is the average interval between the flux and reflux of the seal What is Ibe length 
of a lonar d^, and of the interval of the flux and reflux oCtbe sea 1 
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CLXXIV. The Earth revolves on its axis in about 
24 hours ; if the Moon, therefore, were stationary, the 
same part of our globe would return beneath it, and there 
would be two tides every 24 hours ; but while the Earth 
is turning once upon its axis, the Moon has gone for- 
ward 13° in her orbit — which takes forty-nine minutes 
more before the same meridian is brought again directly 
under the Moon. And hence every succeeding day the 
time of high water will be forty-nine minutes later than 
the preceding. 

. Illustration, Suppose at any place it be hip;h water at 3 o'clock in the 
liternooii, upon the day of new Moon ; the following day it will be hig^ 
water about 49 minutes after 3 ; the day after, about 38 minutes after 4 ; and 
80 on, till the next new Moon. The exact daily mean , retardation of the 
tides IS thus determined : — 
The mean motion of the Moon in a solar day^ is 13°.17639639 
The mean motion of the Sun in a solar day, is .98564722 

Now, as 16° is to 60 minutes, so is 12°.19074917 to 48;44'. 

CLXXV. The tides, though constant, are not equal; 
they are greatest when the Moon is in conjunction with, 
or in opposition to the Sun ; and least when in quadra- 
ture. The former are called Spring Tides ; the latter. 
Neap Tides. The spring tides are highest, when the 
Sun and Moon are near the equator, and the Moon at her 
least distance from the Earth. The neap tides are lowest, 
when the Moon in her first and second quarters is at her 
^greatest distance from the Earth. The general theory of 
"the tides is this : when the Moon is nearest the Earth, 
her attraction is sti*ongest, and the tides are the highest : 
when she is farthest from the Earth, her attraction is least, 
and the tides are the lowest. 

CLXXVI, From the above theory, it might be sup- 
posed that the tides would be the highest when the Moon 
was on the meridian. But it is found that in open seas, 



CLXXrV. How is this daily retardation of the tides accounted fort Give the iliuf 
tration. CLXXV. Are the tides uniformly hirh 1 What are these extreme tides 
called 1 When are the sprine tides hiirhesi and the neap tides lowest 7 What is the 

general theory upon this subject? OLXXVI. Does it necessarily result fromthlf 
^eory, that the tide is highest when the Moon is on the meridian 1 



where the water flows freely, the Moon has generally 
passed the north or south meridian about three hours^ 
when it is high water. The reason is, that the force by 
which the Moon raises the tide continues to acty and con- 
sequently the waters continue to rise, after she has passed 
the meridian. 

CLXXVII. For the same reason, the highest tides, 
which are produced by the conjunction and opposition of 
the Sun and Moon, or when the Sun and Moon are on op- 
posite sides of the Earth, do not happen on the days of the 
lull and change ; neither do the lowest tides happen on the 
days of their quadrature. But the greatest spring tides 
conmionly happen three days after the new and full 
Moons ; and the least neap tides three days after the first 
and third quarters. 

JUuatraHon. The Siin and Moon, by reason of the elliptical form of their 
orbits, are alternately nearer to and forther from the Earth, than their mean 
distances. In consequence of .this^ the efficacy of the Sun will fluctuate be- 
tween the extremes 19 and 21, takmg 20 for its mean value, and between 43 
and 59 for that of the Moon. Taking into account this cause of difference, the 
highest i^rinff tide will be to the lowest neap as 59-f-21 is to 43—19, or as 
80 to 24, or 10 to 3. The relative mean influence is as 51 to 20, or as 5 to 
2f nearly. — HerscheTa Astr. p. 339. 

CLXXVIII. Though the tides in open seaSy are at 
the highest about three hours after the Moon has passed 
the meridian, yet the waters in their passage through 
shoals and channels, and by striking against capes and 
headlands, are so retarded that, the tides happen at all 
distances of the Moon from the meridian, and conse- 
quently, at all hours of the lunar day. 

CLXXIX. In small collections of water, the Moon 
acts at the same time on every part ; diminishing the 
gravity of the whole mass. On this account there are 
no sensible tides in lakes, they being generally so small 
that when the Moon is vertical, it attracts every part alike ; 

What reason is assigned for this 1 CUUTVn. What similar &ct is accounted for 
upon the same principle 1 What is the comparative force of the solar and lunar at* 
traction upon the Earth 7 CLXXVIH. To what is owing the great difference in the 
time of h&h water at places lying raider the same meridiatti CLXXIX. Why are 
there no tides upon lakes, and small coUectioos of water 1 



^) 
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and by rendering all the watets equally light, no part of 
them can be raised higher than another. The Mediter- 
ranean and Baltic seas have very small elevations, parth 
for this reason, and partly because the inlets by which 
they communicate with the ocean are so narrow, that they 
cannot in so short a time, either receive or discharge 
enough, sensibly to raise or sink their surfaces. 

CLXXX. Of all the causes of difference in the height 
of tides at different places, by far the greatest is local 
situation. In wide-mouthed rivers, opening in the direc- 
tion of the stream of the tides, and whose channels are 
growing gradually narrower, the water is accumulated by 
the contracting banks, until in some instances it rises to 
the height of 20, 30, and even 50 feet. 

CLXXXI. Air being lighter than water, and the sur- 
face of the atmosphere being nearer to the Moon than 
the surface of the sea, it cannot be doubted but that the 
Moon raises much higher tides in the atmosphere than in 
the sea. According to Sir John Herschel these tides are, 
by very delicate observations, rendered not only sensible, 

but measurable. 

« 

Observation. Upon the supposition that the waters on the surface of the 
Moon are of the same specific gravity as our own, we might easily deter- 
mine the height to which the Earth would raise a lunar tide, by the known 
principle, that the attraction of one of these bodies on the other's surface is 
directly as its quantity of matter, and inversely as its diameter. By making 
the calculation, we shall find the attractive power of the Earth upon the 
Moon to be 21.777 times greater than that of the Moon upon the Earth. 

S0LA.R OR SIDEREAL TIME 

CLXXXII. By a solar or natural day we mean the 
time taken by the sun to go from any meridian until it 
come to the same meridian again, or from noon of one 
day till noon of the next, which is about twenty-four 

CLXXX. To what cause, more thao to all others, it the different height of tides 
owing t Explain this. CLXXXI. Is it probable that the Moon exerts any influenee 
of attraction on the atmosphere 1 Whvis it probable t Are the atmospheric tides 
sufficiently sensible to be appreciated i How mnoh greater is the attractive power 
of the Earth upon the Moon, than that of the Mooa upon the Earth 1 CLXXXIL 
Define solar and sidereal time. 
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hoarwy but varies, sometimes bemg a little less and at 
others a little more. 

By a sidereal day we mean the time dial elapses be- 
twees djHB Mstage of any ^yen meridian^ as of New York, 
firom^aiqfr Bed s|ar» as ^tus, and the retnm of the nme 
meridMa to the same star which is SA hoon^ 66 BUiraites, 
and 4 tereade The (Mffisxence tbercfoire beMreev a solar 
and apdereal day iif a minittea and 56 tccoada^ which in a 
solar Tear aEaounts to 23 hours 57 mimrtes and 9Q sec- 
onds^ being 8 Biiiiiiles and 40 seconds short cf a solar 
dajr ; diec^bce a sofaur year is 365 days and a fraction, 
while a sidereal year is seariy 366 days or revefiilioas of 
the eaith on its axis., 

Muatniiim. The difierenos benvwa »I«r md ■derwd tana i* caoMd by 
the moremeiit o£ tbe Earth in its orbit; this may be ilhutnted by ifae hands 
on the dial of a watch ; suppose the hour 12 to represent any fixed star, and 
the hour and minute-hands (the former representmff the Sun the latter the 
Btutb,) to be at 12. The minute-hand or Earth wilTmake a complete revo- 
lution and arrivs at 12 the fixed star completing a sidereal day, out in the 
mean time the Sun or hour-hand wiU have moved on to 1 ; the solar dav 
therefore will not be completed until the minute hand reach 1 ; so in eacn 
revolution the solar will be longer than the sidereal day. It should be stated 
that the point of the minute-hand while it represents the motion of the 
Earth in its otbit also represents some given meridiui of the Earth. 

CLXXXIII. Had the Earth only a diurnal motion a 
solar and sidereal day would exactly correspond — because 
in that case using the illustiation of CLXXXU. the Sun 
or hour-hand would remain at 12 on the return of the 
Earth or minute-hand to the same meridian. 

Bltutration. This subject may be fllustrated still further by the diagrami 
Fig. 25. Let S be the Sun and A, B, C, different positions of the Earth in 
its orbit, a iM>rtion of which is represented hy the curved line. Let the Sun 
S be on a given meridian e while the Earth is at A, then a ray from the Sun 
towards tl^ centre of the Earth coincides with the light line e ; but while 
the Earth moves on in her orbit from A to B or from west to- east, she com- 
pletiBS her revolution with regard to a fixed star when she arrives at e in po- 
sition B, but she will not have completed her solar day until she passes fi!om 
e to 0, and in position C the sidereal will have gained still more upon the 
solar day. The 3 minutes and 66 seconds of gam, each day in a solar over 



How can we account for this difference 1 GLXjlaui. Had the Earth only a diur- 
nal revolution, would the siderial and solar thne agree 1 Why does not the Earth 
torn the same meridian to the Sun at the same time every day 1 
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the «d«iil day eoRMpondi with Kboni I-StEtb pen of « drd^ « 
bM thu ■ dcfiaa. 




CLXXXrV. Thus, it is obvious, that the Eaith must 
complete one Fevolution, and a portion of a second revo- 
lution, equal to the apace she has advanced in her or1»t, 
in order to bring the same meridian back again to the 
Sun. This small portion of a second revolution amounts 
daily to the 365th part of her circumference, and there- 
fOTe, at the end ol the year, fo one entire rotation, and 
hence in 365 days, the Earth actually turns on her axis 
366 times. Thus, as one complete rotation forms a 
stderi&l day, there must, in the year, be one sidehal 
vaon than there are solar days, one rotation of the 
Earth, with respect to the Sun, being lost by the Earth's 
yearly revolution. The same loss of a day happens to a 
traveller, who, in passing round the Earth toward the 
west, reckons his time by the rising and setting of the 
Sun. If he passes round toward the east, he wiU gain a 
day for the same reason. 

E<1UATI0N OF TIHX. 

CLXXXV. As the motion of the Earth about its axis 

Sbov br (If. 25, iim ddf rUl dltfen Cmoi saUt Hmr, GLXXXIV. How amj dniH 
doH (faA Earth lam on hAr a^> &q-a vcftr T Wlij doea ihfi tnm mora tlmea >*«*n 
■hers >rs dsja In Uu jat 1 CLXXXV. Whj ne the kIu- dtjt moMbBH (iMUr 
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ia perfectly unifoma, the siderial days, as we have already 
•eeiiy are exactly of the same length in all parts of thie 
year. But as tne orbit of the Earth, or the apparentpath 
of the Sun is inclined to the Earth's axis, and as the Earth 
moves with . different velocities in different parts of its 
cxrbity the solar or natural days, are sometimes greater and 
sometimes less than 24 hours, as shown by an accurate 
clock; The consequence is, that a true sundial or nocm- 
marit» and a true timepiece, agree with each other only a 
few times in a year. 

CLXXXYI. The difference between the sundial and 
clock, thus shown, is called the equation of time. 

CLXXXVII. The difference between the Sun and a 
well-regulated clock, thus arises from two causes, the in- 
clination of the Earth's axis to the ecliptic, and the ellip- 
tical form of the Earth's orbit. 

That the Earth moves in an ellipse, and that its motion 
is more rapid sometimes than at others, as well as that the 
£arth's axis is inclined to the ecliptic, have already been 
explained and illustrated. It remains, therefore, to show 
how these two combined causes, the elliptical form of the 
orbit, and the inclination of the axis, produce the disa- 
greement between the Sun and clock. In this explana- 
tion, we must consider the Sun as moving around the 
ecliptic, while the Earth revolves on her axis 

CLXXXVIIL Equal or mean time, is that which is 
reckoned by a clock, supposed to indicate exactly 24 
hours, from 12 o'clock on one day to 12 o'clock on the 
next day. Apparent time, is that which is measured by 
the apparent motion of the Sun in the heavens, as indi- 
cated by a meridian line, or sundial. 

Were the Earth's orbit a perfect circle, and her axis per- 
pendicular to the plane of this orbit, the days would be of 



CLXXXVI. What is the difference between the time o( a Bon-dial and a clook 
called 7 CLXXXVII. What are the causes of the dififbrence between the Sun and 
dockl In explaining equation of time, what motion is considered as belonigpng to 
th« Sun, md what motion to the Eartti % CI«XXXVm. What is equal, or memo 
time, WM what Is apparent time 7 
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uniform length, and there would be no difference between 
the clock and the Sun ; both would indicate 12 o'clock at 
the same time, on every day in the ^ear. But on account 
-of the inclination of the Earth's axis to the eotiptic, une- 
qual portions ' of the Sun's apparent path through the 
heavens will pass any meridian m eouaV times. 

PRECESSION OF THE EQUINOXES. 

CLXXXIX. A tropical year is the time it takes the 
Sun to pass from one equinox or tropic, to the same tropic 
or equinox again. 

CXC. A siderial year is the time it takes the Sun to 
perform his apparent annual revolution, from a fixed star 
to the same fixed star again. 

CXCI. Now it has been found that these two revolu- 
tions are not completed in exactly the same time, but 
that it takes the Sun about 20 minutes longer to complete 
his apparent revolution in respect to the star, than it does 
in respect to the equinox, and hence the siderial year is 
about 20 minutes longer than the tropical year. The 
revolution of the Earth from equinox to equinox, amin, 
therefore precedes its complete revolution in the ecliptic 
by about 20 minutes, for the absolute revolution of the 
Earth is measured by its return to the fixed star, and not 
by the return of the Sun to the same equinoctial point. 

CXCII. This apparent falling back of the equinoctial 
point, so as to make the time when it meets the Sun pre- 
cede the time when the Earth makes its complete revolu- 
tion in respect to the star, is called the precession of the 
equinoxes, 

CXCIII. The distance which the Sun thus gains upon 
the fixed star, or the difference between the Sun and star, 
when the Sun has arrived at the equinoctial point, amounts 

CLXXXIX. What is a tropical year! CXC. What is a siderial year? CXCL 
What is the difference in the time which it takes the Sun to complete his revolntioa 
in respect to a star, and in respect to the equinox 1 CXCII. Explain what is meant 
by fhe precession of the equinoxes. CXCIII. How many seconds of a deipree doM 
the equinox recede every year, when the Sun's place is compared with a atari 
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to 50 seconds of a decree, thus making the equinoctial 

SJHit recede 60 seconds of a degree, (when measured by 
i signs of the zodiac,) westwani every year, contrary to 
the Sun's annual progressive motion in the ecliptic. 

GXCIV. TThe precession of the equinoxes, being 50 
seconds of a degree every year, contrary to the Sun's ap- 
parent motion, or about 20 minutes in time, short of the 
Ktint where the Sun and equinoxes coincided the year 
fore ; it follows, that the fixed stars, or those in the sign 
of the zodiac, move forward every year 60 seconds, with 
respect to the equinoxes. 

CXCV. In consequence of this precessioQ, in 2160 
years, those stars which now appear in the beginning of 
the sign Aries, for instance, will then appear in the be- 
ginning of Taurus, having moved forward one whole sign, 
or 30°, with respect to the equinoxes, or the equinoxes 
having gone backward 30°, with respect to the stars. In 
12,960 years or 6 times 2160 years, therefore, the stars 
will appear to have moved forward one half of the whole 
ciicie of the heavens, so that those which now appear in 
^ die first degree of the sign Aries, will then be in the op- 
posite point of the zodiac, and therefore, in the first degree- 
of Libra. And in 12,960 years more, because the equi- 
noxes will have fallen back the other half of the circle, 
die stars will appear to have gone forward from Libra to 
Aries, thus completing the whole circle of the zodiac. 

CXCVI. Thus in about 26,000 years the equinox will 
have gone backward a whole revolution around the axis 
of the ecliptic, and the stars will appear to have gone for- 
waid the whole circle of the zodiac. 

CXCVJI. The discovery of the precession of the equi- 
noxes has thrown much light on ancient astronomy and 
chronology, by showing an agreement between ancient 

,CIC IV. How many minutes in time, is the precession of the equinoxes per jearl 
CKOV. What effect does this precession produce on the fixed stars 1 How many 
yHi li m, star in going forward one degree, in respect to the eouinoxes ? bi how 
■w jmmn will the stars appear to have passed half around the heavens? CXCVI. 
Kwtp ariod will the Earth appear to have gone backward one wbole revciutioa 1 
nOVlLb what respect is the precession of the eqnfaioxM an iuqwrtaat aobjeet f 
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CC If uT i^c»*:i."^ ■.: M»i zAJi±ii -rje, cf a fine ruddy 

.■::". ' :: ^- . -....■• ..-i r.-^.i-.T*: hr.i^iar.cv about 

*..': v.: .1 .'■-:^ ~ .. ^ . '..-.i: ^ :.-. =^:i. ar.i sets when 

.' "r -.■- -'■'. '.k:\.-'. .' ? *.!.rr. r.-r-.r^s: :he Earth. It 

•. :i.- ".- : ■ ■'-.-t.-. : ::--e= ir.i =t::s with the Sun; far 

.vt- - - ~"^ ■ v. ^1 :*:-•*..- ^ J r-rx-ved from us than in the 

CCr .'■/: ::•!:<:- :^ rV:.x t'le Earth at its nearest ap- 
prrrz-.r. .- -i-y, .*: oO.'X'O.'XhO of n^,iles. Its greatest dis- 
U.'.'.: f.-rn .-! i« a'.oiit 240,000,000 of miles. In the 
f'rTi*if r;,:>f:, jt appears nearly 25 times larger than in the 
lattftr. Wh^.n it ri«es before the Sun, it is our morning 
atar ; when it sets after the Sun, it is our evening star. 

CXCrvin. Whai \P ihfi eauM ofrhe prcceraion of tlic eqninoxes? CXCIX. What 
l» ih« (MMiriTHi of Man in rh« solar syiiteml CC. Describe its iq>pearance to the 
mJUd ajal Whiin rIoM It exhibit lis greatest brilliancy 1 Why is it most brilliant 
at this aa« 1 OCL Wbal «r» iu least and freateat distsnces from as 1 Huw much 
Imv ittt ttifpttf li^ te Arawr CAM, than io Um latter 1 
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ecu. Man is sometimes seen in opposition to tho 
Sun, and sometimes in superior conjunction with him; 
sometimes gibbous, but never homed. In inferior con* 

S notion, it is never seen to pass over the Sun^ disk, like 
ercury and Venus. This proves not only that its orbit 
is exterior to the Earth's orbit, but that it is an opaqut 
body, shining only by the reflection of the Sun. 

CCIII. The motion of Mars through the constellations 
of the zodiac, is but little more than half as great as that 
of the Earth ; it being generally about 57 days in passing 
over one sign, which is at the rate of a little more than 
half a degree each day. Thus if we know what constel- 
lation Mars enters to-day, we may conclude that two 
months hence it will be in the next constellation ; four 
months hence, in the next ; six months, in the next, and 
80 on. 

CCIV. Mars performs his revolution around the Sun 
in 1 year and \0\ months, at the distance of 145,000,000 
of miles ; moving in its orbit at the mean rate of 55,000 
miles an hour. Its diurnal rotation on its axis is per- 
formed in 24 hours, 30 minutes, and 21^ seconds; 
which makes its day about 44 minutes longer than ours. 

CCV. Its form is that of an oblate spheroid, whose 

Jolar diameter is to its equatorial, as 15 is to 16, nearly. 
ts mean diameter is 4222 miles. Its bulk, therefore, is 
7 times less than that of the Earth ; and being 60,000,000 
of miles farther from the Sun, it receives from him only 
half as much light and heat. 

CCVI. The inclination of its axis to the plane of its 

■*' ' ■ I — ■ ■■ ■ I ■ ■ I ■ I ■■ ■ I ■■■Ml I I , ■ ■ ^ , . .1 m m ^.^— ^ M M I ^— ^.^^-^M^M^— ^M^^^.^W^i^— ^— ^M— — — ^I^B^M^ 

CCn. What moon-like phases has Mars? What doe? the Ihet that R never a» 
flumes the crescent form at its inferior conjanction prove, in regard to Its sitinitioDl 
How do we know it to be opaque 1 CCin. What is tne rate of its motion through the 
consteilations of t)te zodiac, compared with tiiat of the Earth 1 How lo«c i* it fa 
passing over one signT At what rate per day is thisi How, then, if we know in 
what constellation it is at any one time, may we determine in what eaotieHathm it 
will be at any subsequent time 1 CCTV. In what time does it perform its reTolntion 
amund the Bun 1 What is its distance from the Sun 1 What is the neta nte of 
it» n otion in its orbit per hour 1 In what time does it perform its revotaMon on fte 
axis 1 What, then, is the lenjrth of its dtij, compared with that of the Earth 1 CCV. 
VIThitf are its form and dimensions? What, then, is its bulk, co m p ar ed with the 
Earth's, and how much less light and heat does it receive from Hie fiNm f OCV]. 
What is the inclination of its axis to the plaiie of Ite inrbUf 
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orbit, is about 28^°. Consequently, its seasons must be 
very similar to those of the Earth. Indeed, the analogy 
between Mars and the Earth is greater than the analogy 
between the Earth and any other planet of the solar 
system. Their diurnal motion, and of course the length 
of their days and nights are nearly the same ; the obliquity 
of their ecliptics, on which the seasons depend, are not 
very different ; and, of all the superior planets, the distance 
of Mars from the Sun is by far the nearest to that of the 
Earth ; nor is the length of its year greatly different from 
ours, when compared with the years of Jupiter, Saturn, 
and Herschel. 

CCVII. To a spectator on this planet, the Earth will 
appear alternately, as a morning and evening star; and 
will exhibit all the phases of the Moon, just as Mercury 
and Venus do to us; and sometimes, like them, will 
appear to pass over the Sun's disk like a dark round spot. 
Our Moon will never appear more than a quarter of a 
degree from the Earth, although her distance from it is 
240,000 miles. If Mars be attended by a satellite, it is 
too small to be seen by the mo|t powerful telescopes. 

CCVIII. The telescopic phenomena of Mars afford 

Stculiar interest to astronomers. They behold its disk 
versified with numerous irregular and variable spots, 
and ornamented with zones and belts of varying brilliance, 
that form, and disappear, by turns. Zones of intense 
brightness are to be seen in its polar regions, subject, 
however, to gradual changes. That of the southern pole 
4b much the most brilliant. Dr. Herschel supposes that 
they are produced by the reflection of the Sun's light from 
the frozen regions, and that the melting of these masses 
of polar ice is the cause of the variation in their magni- 
tude and appearance. 

How are its seasons, compared with those of the Earth? In what particitlan is 
diere a greater analogy between Mars and the Earth, than between the Earth and anf 
Other planc-t in the solar system 1 CCVn. What must be the abearance ot th« 
Earth to a spectator at Mars 7 What is the greatest distance from the Earth at whlek 
our Mocm will appear to him to bel CCVin. What are the telescopic phenomaM 
of Blars 1 How does Dr. Herschel account for them 1 
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1. He was the more confirmed in theee oMUom by obterv- 

ing^ that after the ezposnre of the huninoaa zone about the novthpoie to t 

■ummerof euht months, h was considerably cbcrMMtd; wWU that o* te 

apnth polcL whiph had beoi in total darkness during eight months had ooa- 

siderably mercated, 

X He obMrved, fitrther, that when this spot was most kminoaa, thi (Ml 
of liars did not appear exactly round, and that the bright paitof its soutfaMi 
limb seemed to be swollen or arched out beyond the proper cone. 

Fig. 26. 
Teleiooplc Appearanees of Man. 






CCIX. The extraordinary height and density of the 
atmosphere of Mars, are supposed to be the cause of ^ 
remarkable redness of its light. 

THB ASTEROIDS, A TBLESCOPIC PLANETS. 

CCX. Ascending higher in the solar system, we find, 
between the orbits of Mars and Jupiter, a cluster of four 
small planets, which present a variety of anomalies that 
distinguish them from all the older planets of the systena. 
Their names are Vesta, Juno, Ceres, and Pallas. They 
were all discovered about the beginning of the presem 
century. ^ 

CCXI. The dates of their discovery, and the names of 
their discoverers, are as follows : — 

Geres, January 1, 1801, by M. Piazzi, of Palermo. 
Pallas, March 28, 1802, by M. Olbers, of Bremen. 
Juno, September 1, 1804, by M. Harding, of Bremen. 
Vesta, March 29, 1807, by M. Olbers, of Bremen. 

COOL How may the remarkable redness of the light of Mara be accounted fori 
CCX. What new planets have been discovered within the presant cmatiuy, and 
where are they situated 1 CCXL What are the dates of their di8COTery,and tlia 
of their discoverers % 



CCXH. The scientific Bode entertained the opiniiHt, 
tlut the planetary distances, above Mercury, formed ■ 

Siometnc^ series, each exterior orbit being double ibe 
stance of its nest interior one, from the Sun ; a fact 
which obtains with remarkable exactness between Jupiter, 
Salutn, and Hersche!. But this law seenied to be inter- 
rupted between Mars and Jupiler. Hence he inferred, 
that there was a planet wanting in that inleiral ; which is 
DOW happily supplied by the discovery of the foui star- 
form planeU, occupying the very space where the unex- 
plained tarancy presented a strong objection to his iheorj'. 

CCXIII. These bodies are much smaller in size than 
the elder planets — they all revolve at nearly the same 
dislapces from the Sun, and perform their revolutions in 
nrwiy the same periods, — their orbits are much more 
ttcenXric, and have a much greater inclination to the 
ecliptic, — and what is altogether singular, except in the 
caae of comets — all cross each other; so that there is 
even a posstbiiity that two of these bodies, may, some- 
time, in Ibe course of Their revolutions, come into collision. 

COXIV. The orbit of Vesta is so eccentric, that she is 
sometimes farther from the Sun than either Cerea, Pallas, 
or Juno, although her mean distance is many millions of 
miles less than theirs. The orbit of Vesta crosses the 
orbits of all the other three, in two opposite points. 

CCXV. From these and other circumstances, many 
eminent astronomers are of opinion, that these four planets 
*are the fragments of a large celestial body whicn once 
revolved between Mars and Jupiter, and which burst 
asunder by some tremendous convulsion, or some external 
violence. The discovery of Ceres by Piazzi, on the first 
day of the present centurj-, drew the attention of all the 



CCXll. Why did Bod« infer Iliu [here ma ■ pbofl waDdu bMwHSB lUn um 
Jopller 1 CCXIH. In whU pMlicutsra (to thcM plaoMS dlftr ftsU Oka oUMT 

CCXIV. now IE II ihw Ve«. IB aiatellnjei dnher from the eon thu BHlwrr GeTH 
TMa3 or Juon. when her uk«i disunca la mmay mlUiorn of inOn Im Om Ibelnl 
Whit l» llie PMilion of her ..rhil wilh repuU lo ihelr orUM 1 CCXV, WkM Ihamj 

...... ,....__.. . „ifl,,^„a„„^ 
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istroDomers of the age to that region of the sky, and every 
inch of it was minutely explored. The consequence was, 
thaty in the year following, Dr. Olbers, of Bremen, an- 
nounced to Uie world, the discovery of Pallas, situated 
not many degrees from Ceres, and very much resembling 
it in size. 

CCXVI. From this discovery, Dr. Olbers first con- 
ceived the idea that these bodies might be the fragments 
of a former world ; and if so, that other portions of it 
might be found either in the same neighbourhood, or else, 
having diverged from the same point, 'Uhey ought to 
have two common points of reunion, or two nodes in 
opposite regions of the . heavens through which all the 
planetary fragments must sooner or later pass." 

CCXVII. One of these nodes he found to be, in the 
cmistellation Virgo, and the opposite one, in the Whale ; 
and it is a remarkable coincidence that it was in the 
neighbourhood of the latter constellation that Mr. Harding 
discovered the planet Juno. In order therefore to detect 
the remaining nragments, if any existed, Dr. Olbers ex- . 
amined, three times every year, all the small stars in 
Virgo and the Whale ; and it was actually in the constel- 
lation Virgo, that he discovered the planet Vesta. Some 
astronomers think it not unlikely that other fragments of 
a similar description may herearter be discovered. 

CCXVIII. Dr. Brewster attributes the fall of meteoric 
stones to the smaller fragments of these bodies happening 
to come within the sphere of the Earth's attraction. 

ObMenaHoii 1. Meteoric stones, or what are generally termed aeroUiu, 
are stones which sometimes fall from the upper regions of the atmosphere^ 
upon the Earth. The substance of which iney are composed is for the most 
part, metallic ; but the ore of which it consists is not to be found intheaamfi 
etmiUiunt proportiona in any known substance upon the Earth. 

2. Thdr fall is generally preceded by a luminous appearance, a hissing 



CCXVL Who first conceived this idea, and from what circumstances 1 Where 
did be imagine other fragments might be found 1 CCXVn. In what consteDatiims 
did he find these nodes to be. and where were Juno and Vesta actually found t 
How did Dr. (Mbers discover Vestal CCXVIH. To what does Dr. Brewster attribute 
the fell of nieto«ric stones 7 What is meant by the expression meteoric stones, and 
of what substances are they composed? What indications general]^ precede their 
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mam, and a loud e xp Um an i and* when foimd mmwdiataly after Him da- 
■eent, they are always hot, and usually ooYerod with a black crust bkdknr 
iky a state of exterior fusion. 

C Their size di^re from that of small frumenta^ of inooBsiderablewdigfat, 
to that of the most ponderous masses. Some have been found to wa||b 
ipom 900 poundato several tansj and they have descended to the Bwth with 
a fi>roe sufficient to bury them many feet under the surface. 

4. Some have supposed that they are projected from Tolcanoes in the 
Moon I others, that they proceed from volcanoes on the Earth ; wiiAe others 
hnafine that they are generated in the regions of the atmosphere; but Uie 
Imtn is, probably, not yet ascertained. In some instances, theSiB stones 
have j>enetrated through the roofe of housesi and proved destractiYa to the 
inhabitants. 

5. If we carefully compute the force of gravity in <the Moon, we shall find 
that if a body were projected from her surraoe with a momentum that vraukl 
cause it to move at the rate of 8,200 feet in the first second of time, and in 
the direction of a line joining the centres of the Earth and Moon, it would 
Bot fell again to the surfece of the Moon ; but would become a satellite to 
the Elarth. Such an impulse might, indeed, cause it, even after many revo- 
hitions, to fall to the Earth. The fall, therefore, of these stones from the 
air. may be accounted for in this manner. 

6. Mr. Harte^ calculates, that even a velocity of 6000 feet in a second, 
would be sufficient to carry a body projected fix>m the surface of the Moon 
beyond the power of her attractioiL If so, a projectile force diree times 
neater than that of a cannon, would carry a body from the Moon beyond 
the point of equal attraction, and cause it to reach the Earth. A force equal 
te ttiis is often exerted by our volcanoes, and by subterraneous steam. 
Hence, there is no impossibility in the supposition oif their coming from the 
Moon. 

CCXIX. Vesta appears, however, like a star of ihe 
5th or 6th magnitude, shining with a pure steady radiance, 
and is the only one of the asteroids which can be dis- 
cerned by the naked eye. 

CCXX. Juno, the next planet in order after Vesta, 
revolves around the Sun in 4 years, 4^ months, at the 
mean distance of 254,000,000 of miles, moving in her 
orbit at the rate of forty-one thousand miles an hour. Her 
diameter is estimated at 1393 miles. This would make 
her magnitude 183 times less than the Earth's. The light 
Mid heat which she receives from the Sun is seven times 
less than that received by the Earth. 

The eccentricity of her orbit is so great, that her great- 
est distance from the Sun is nearly double her least dis- 

^ ^ 

ia what state are they found to be after their deficent t What is their magnitode t 
What theories have been adopted to account for their origin 1 Eq[daln how it is not 
ta^Msaible that they iTi&y come from the Moon. OCXIX. Describe the appMnmce 
of vesta. CCXX. What is the next planet in order after Vesta, and whstui sskl of 
herl ♦ 
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lance; so tluit, when she is in her perihelumj die is 
nearer the Sun by 130,000,000 of miles, than when she 
18 in her aphdion. This great eccentricity has a coiire- 
sponding effect upon her rate of motion ; for beins so 
much nearer, and therefore so much more powemdly 
attracted by the Sun at one time than at another, she 
moves throuffh that half of her orbit which is nearest the 
Sun, in one half of the time that she occupies in com* 
pleting the other half. 

ObtTWttUm, Aecording to Schioeter, the diamefer of Juno is 1425 mSet ; 
and file it imoimded by an atmoqihaftt more dense than that of any of dis 
other planets. Sduoeter also ramarks^ that the Tariation m her bnUumey 
is efaiflfly owmg to certain dianges in the density of her atmosphere; at th# 
same time he thinks it not impi^Mdrfe that these changes may arise firom a 
dinma] vsfohition on her axis. 

CCXXI. Ceres, the next planet in order after Juno, 
reyolyes about the Sun in 4 years 7i months, at the mean 
distance of 263,500,000 miles, moving in her orbit at 
the rate of 41,000 miles an hour. Her diameter is 
estimated at 1582 miles, which makes her magnitude 125 
times less than the Earth's. The intensity of the li^t 
and heat which she receiyes from the Sun, is about 7^ 
times less than that of those received by the Earth. 

CCXXII. Ceres shines with a ruddy colour, and ap- 
pears to be only about the size of a star of the 8th mag- 
nitude. Consequently she is never seen by the naked 
eye. She is surrounded by a species of cloudy or 
nebulous light, which gives her somewhat the appearance 
of a comet, forming, according to Schroeter, an atmo- 
sphere 675 miles in height. 

Ob^ervaUon, Ceres, as has been said, was the first discoTered Asto- 
roid. At her discovery, astronomers congratidated themselves upon the 
harmony of the system being restored. They had long wanted a planet to 
fill up the great void between Mars and Jupiter^ in order to make the system 
comi^ete in their own eyes ; bat the successive discoveries of Pallas and 
Juno again introduced confusion, and presented a difficulty which they were 
unable to solve, till Dr. Olbers suggested the idea that these small anomaloua 
bodies were merely the fitigments of a larger planet, which had been ex- 
ploded by some mighty convulsion. Among the most able and decided 
advocates of this hypothesis, is Dr. Brewster, of Edinburgh. 

What is her dUameter, according tx> Schroeter, and what is the density of ber at- 
moidier e, compared with that of the otlier planets 1 CCXXI. Describe Ceres. 
CCJLUL besenbe her appearances. Wliat observation on Ceres 1 
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IN AffnumoMT. 

CCXXin. Pallas, tho next plaaet in oider after Cinneii 
perfoima her reyolution around the Son in 4 jean, 7| 
months, at the mean distance of 264,000,000 of milest 
moving in her orbit at the rate of 41,000 miles an 
&our. Her diameter is estimated at 2025 mil^ whish 
is.tmt little less than that of onr Moon. It is a singular, 
and very remarkable phenomenon in the solar system, 
tBat two planets, (Ceres and Pallas,) nearly of the same 
sise, should be situated at equal distances from, the Sun, 
Mvolve about him in the same period, and in orbitfthat 
inlersect each other. The difference in the leapective 
distances of Ceres and Pallas is less than a miuion of 
miles. The difference in their sidereal revolntieDai ao- 
eocding to some astronomers, is but a single day ! 

JUPITER. 

CCXXIV. Jupiter, the larffest of all the planets, is 
situated between the orbits of the asteroids and that of 
Saturn. He is stated in some of the books to be 89,000 
miles in diameter. But the estimation of 86,255 miles 
is a closer approximation to the truth as this is his mean 
diameter which is 11 times ^eater than that of the Eaith 
and his volume is 1,300 times greater. Distance from 
the Sun in round numbers 490,000,000 of miles, but his 
exact mean distance is 495,533,837 miles. His distance 
from the Earth is 395,000,000 of miles. He revolves on 
his axis in 9 hours 55 minutes and 50 seconds, which 
gpves the inhabitants of its equatorial region a motion by 
exact calculation of 26,554 miles an hour which is 25 
times faster than the motion of our equatorial inhabitants. 

CCXXV. Jupiter is the brightest of the planets except 
Venus. Though his distance from the Sun is so much 
greater that the light and heat received from him is cal- 
culated to be about 25 times less than that received by 
us. 

OOXXHL Deaorlba PillM. CCXXIV. Gire the dhmeUr, the m mmmI w wtottoa 
•">^ 4lBtance firom the Son, rise and dinnud refoloiioa of Jupiter. CCXXV. What 
-^4 brilUuey, UfhtMd heetl 
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CCXXVI. This planel when yiewed through a tel- 
escope appears surrounded by a number of belts or zones 
wbaa dniige in thek aumoer and in their qipeaxance 
yeiy cwisHnrnbly. These belts jpre parallel to -em ather 
as nd tts parallel to tbe eqsator of the plsm^vand 
thej an most generally regsarded by astronomers at lu- 
mmona clouds, and some snppose the peculiar shspa to 
resok finun the rapid reydhuion of the planet upon his 

axis. 

V^S7. 




CCXXYII. Tlie yariation of Jupiter's belts is quite 
remarkable. At one time seyen or eight are distincdy 
aeon; at another, the number is reduced to two or three. 
The most common appearance is that represented in fig. 
27, where some are seen quite regular and extending 
across the disk, while others are broken and interrupted. 
Dr. Herschel once saw the whole disk coyered with fine 
parallel and undulating lines as seen in fig. 28 the right 
nand figure, but soon exhibited the broken appearance 
aeen in the left hand figure. 

CCXXYIII. With regard to the cause of the belts we 
can only say that our positiye information on the subject 
is ezlremdiy small, 0|»nions bmng rather the result of 
theory than eyidence. 

CXJXXVL BowdMtaMiiMtedl OCXXyn. b tb* appcmaM sf JMHtr** Mis al- 
wnatiwwM^araidMjeaiiiwtl OOUmn. WiMki nMartiWMiw «r Jopl. 
te?tbdtadapp«0MK«f 




CCXXIX. Jupiter u attended by four satellites or 
moooi which rcTolTe around him as our moon don iroosd 
the Euth. The Dumber odF the moons and the frequency 
of their reroIutioDi cause some one or more to be Tisible 
on the surface of tlie [Janet every hour of the night. 
The first is situated nearest to the primary being SS9,000 
miles from his centre, and about 214,000 miles frmn his 
surfuie, and rerolves about it in 42| hours appearing four 
times larger than our moon does to us. The second is 
smaller and farther off appearing of the size of our moon. 
The third is still less in size and at a greater distance ; 
the fourth isattbe greatest distance of all, being 1,164,000 
miles from the pnmaiy around which it revoWes in 16 
days and three fourths, and appears at the surface of Ju- 

5 iter but a little more than naif as large as our moon 
oes to us. 
CCXXX. These satellites are frequently eclipsed by 
passing into the shadow of their primary in the same 
manner as our moon is eclipsed by passing through the 
shadow of the Earth. The three first or nearest are 
eclipsed during each revolution, while the fourth is eclipsed 
only four times in every six revolutions of the satellite 
about its primary. 



CCXXXL By mawM of theie ediptei mttaoomoien 
hMJt •jpertainad ihe Inqgitwdft of plaoM onthelivtl^ABi 
die Tdocity flf light* 

CCXXXII. Thi ^lodty of ligfal iNmMMiiiMa » 
llio ftBofimg fluumr. li wm fini obMrrod bf AoeaMr 
thit whet tho cartk it in that pact of her oibit aoMMt u 
Jufkei the edipee of ito neareat aatriUte occHn S nue* 
vlea ami 19 aecoods sooner Uian it onght aooeiding to 
cefctilatjim ; amin, when the earth is in tnat part of ner 
<nrbit fartheat nrom Jupiter the eclipae of the aaase ealair 
lite occurred 8 minutea and 13 seconds kter than die eal- 
ciliated time* The total difference between apparent and 
calculated time is 16 minutes and 26 seconas, and the 
only circumstance that could affect the obseirations in 
eiiner ease is the different distance of the Earth from the 
eclipse ; which difference is equal to the diameter of the 
Earth's orbit or about 190,000,000 of miles ; and this dif- 
ference could not be accounted for on any other principle 
than by sujppoaing that light was 16 minutes uid 13 
secohds in crossing the Earth's orbit and 8 minutes 6^ 
seconds in proceeding from the Sua to the Eardi, a dis- 
tance of 95,000,000 of miles. This motion is at the rate 
of 12,000,000 of miles per minute, and about 200,000 
miles per second. 

SATURK. 

CCXXXIII. The planet Saturn is situated between 
the orbit of Jiq>iter and Herschel, and reyolves around 
the Sun, at the distance of a little more than 900,000,000 
of miles, in about 30 terrestrial years, and his diameter ia 
79 or 80,000 miles, making his bulk, from 900 to 1,000 
times greater than that of Uie Earth. 

CCXXXIY. The period of Saturn's reTolutioii en hia 
axis, which measures his day, is little more than 10 heuciy 

OGXXXL Of wlMtiiM ue theM MfipM* to MCnmoHMBi OCaogBL ■ wg ti 

Willi Wlat 
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li-the Chat of SUani't perlodte TevolmioM ronBd tlM Sunl hb &mmam tnm dw 
fl«B,MBdwtwchlidkaMl«r1 CCXaXHT. What to the period cf hb ahrart w pp l i 
do^ tad how oMny dft/e p«ke a year of aetnn^ tad hibir aMm7 aooM hw InI 



t6,150 of hii dayB coiutttute hia year. From its 'ereal 
diBUnca from the Sun, it gppean like a fixed star, nrom 
which it may be distinguisned by ite pale feel^e and 
ateady li^t, and by calculation receives 90 timu leu 
boat and light than does the Earth, but eren that amount 
of light, is calculated to be equal to 3,000 <^ out full 
moons, and besides, this planet is supplied with seven 
moons which revolve around him in penods varying frmn 
1 to 79 of our days ; and at distances varjring from ISO,- 
000 to 2,000,000 of miles from their primary. 

CCXXXV. The telescopic appearance of Saturn ii 
extremely beautiful ; he is aiatinguished frcnn all the oth- 
er planets by his great zone or ring, like an immensely 
«xpanded and luminous rainbow, which surrounds him 
with a perpetual light, more brilliant than that of the plan- 
et itself, a representatimi of which is given in fig. 29. 
Kg. 29. - 




nng 1 

luminous circles, one within the other vrith a dark space 
of 2,600 miles intervening ; the distance from the primary 
to his inner ring is between 20 and 30,000 miles. 

CCXXXVn. The circumference of the outer ring is 
Bud to be 640,000 miles, and its breadth from the exter- 
nal to the iittenial portion between 7 and 8,000. These 
rings rotate arouna the planet in 10} boura. 

WmXT . Bow Im SalDin puUenlulj (HiliiitDlihHl from ill Om oOmt pluMal 
OQXXXVl Wbu cHitinc* \t thin hMaeen ihe bcalj of SUnnud l^tancr rlH, 
■Bdi>twt<IMuicel>tli«» lM(w««BhlalnDaruil«B«'r1iw1 CCXXXVn, WhatE 
thaehewnAnoMBfUunatuiiaii OCXXXVm. WbubilHdHlinarsbim'* 



CCXXXVin. The most obritHiB uie of Saton't noga 
it to anpply that planet with light reflected from their sur^ 
&CM toDuke up uie deficiencv of direct light from the Sim. 
The Son illuminates one side of the ring for 16 of our 
yoara, and the opposite side in the next 15 years, in conr 
aeqoenca oi the inclination of the nngs to the phme of thb 
ecliptic which is about 31 degrees. 

CCXXXIX. Not only the rings but also the planet has 
one of bis sides illuminated during 1 5 of our years, (which 
is one half of Saturn's year,) and the opposite side during 
die next 15 years. Thus, his poles like those of our own 
planet, will be alternately light ^d dark, but for 15 years 
mstead of half a year. 

BbulTaiian. Ite woodMn Bg. 30^ utUiiU svixr of t 
ring in whkk Iha luur Is MprmnM with it* id^ W 
Ha•ea.lheillmillll•dpbBit«ilUll^^^ thsdiA « 




CCXL, Herachel is the most distant planet bom the 

Jon. ___^_ 
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CCZ2J. Hntclid cwplrtt lu> aamiil mndaiioii 
araiiad Uw 9ma ia 84 -nm ami I noaih of aqr tine ; ami 
■MVM m lie (abit tt th« TBI* of « lilils nore dwa ISjOOP 
Bulra par boor. Hii <1ii0MiLfit i» betwau M uid SS^OO 
Bkilo, and bii hoik. 80 time> sreaUr Iban UuA of da 
Eutb. To • •pedtUir on this ^uwt, tbe Sun wodct w- 
pear moro tluD 360 timM Im* twtn be does to vm, tad IM 
light and heat Teceired would, of courae, ba in llw aame 
Bn^KntioD. The streDgth of this light tuM been diftieat- 
17 calculated ; while one baa estimated it eqiwl to BOO 
« our filU mooni aaother eatimates it at 00I7 S48. 
Kg. 31. 
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DOUBTS. Ml 

CCXLIT. Herschel has six satellites constantly rerolT- 
inff around him as their primary in different times and at 
different distances. Four of them were discowred by 
Dr. Herschel, and two by his sister, Miss Cax€liiie Her- 
schel. Others may yet be discovered. 

BhutraHati. Fig. 31, is gnren to npreBOkt the relative poAtion of the plan* 
ets in. their orbits, (except the asteroiaa,) and their comparative aze and dia- 
tanoes fiom the Sun, with tlie orbit of a comet appr<Miching the Sun. Hie 
orbits of the planeta are marked by the respective signs of each. Meronrf 
is the nearest, Venus next, the Earth the thnd, Mars the fourth, Jupiter fifth, 
Saturn sixth, and Herschei seventh. The asteroids are situated betweso 
the orbits of Mars and Jupiter. 

Fig. 32 is given to show the comparative sizes of the planets. 

Fig. 32. 
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OF COMETS. 

CCXLIII. Comets are solid, opaque, planetaiy bodies, 
olring about the Sun in ellipticd orbits of immense 
circumference. 

CCXLIV. The motions of the comets are Tery com- 
plicated; their orbits, instead of being nearly circular, 
like those of the planets, are remarkably long and eccen- 
tric. Some of the comets approach much nearer to the 
Sun than the nearest planet — so much so, as to be hid in 
the solar rays ; again, they recede to so great a distance 

CHve the Uhutntlon by fig. 81, and the objeet of fif . SB. OCXUO. What are th» 
Oenetal CCXUV. What b said of the molioBS of comeU and the phanomeoa ex- 

taflbitwilqrthsmi 



^ u to bfl carried far beyond the booodi t 
of ike pUaeiarj Bysum, where they become wholly in- 
visible, aad aeem eourely lost from the system. Afler i 
]*f«e at ages, tbey are sometimes again obserred in the I 
pUnetary regions. 

CCXIiV. The comeu appear in different paita of tlu j 
bearens and move in TVious directions. They differ, u 1 
the Stan do, id magnitude and brightness ; and they ue I 
principally distinguished from the planets by a luminoDi | 
train or l>laze, called a tail ; <7 by some hairy or neba | 
lous appearance ; and by their always disappearing after . 
having been visible during a short time only. 

CCXLVI. A comet, at a given distance from the ' 
Earth, shines brighter when it is on the same side of the | 
Earth with the Sun, than when it is on the opposite side; ^ 
from which it appears thai the brightness of a cornel de- 
pends upon the influence of the Sun. 

CCXXiVII. Though the comets have in all ages, at- 
tracted much attention by iheir appearance in the heavens, 
and have been regarded as objects of terror and supersti- 
tion ; still they are comparatively but little known, scarcely 
any thing of importance having been ascertained respect- 
ing them until the revival of learning and science, in the 
sixteenth century, when particular attention began to be 
paid to Astronomy. We are as yet totally ignorant of the 
mimber and of the uses of the comets in the solar system, 
or in the frlmc of the worid, H indeed they bare any use 
whaterer. fiat is it to be expected Uiat their number 
will soon be ascertained, as some of them an whole 
cuduries before they moke thnr le^pearaBoe. Tlie 
vaaAxT d comets that have been seen, and are not«ded, 
•ppean to be ttrj considerable. Ricciolua, an Itd^ 
Bstronomer and mathematician, molea meotioa in his 
wrkinp, at idwut 154, which had ^^Mared pravioai to 
the year 1^1; but Lal»enietz reckons 41fi ur^ the yaar 



IMNL The Ghmt* aatnmonucal books reooid die «p« 
pHunuDce of 900 or 900 coBBoCft. 

COXLVHT. Of all the comets which are suiqpoted to 
exist, thouffh lately di8cov:ered to be much more numerous 
tllan has tonnerly been supposed, the jperiods of only 
fituar or Jive ha^e been ascertained with any degree ol 
certain^; though the elements of more than 100 have 
ll^een calculated. 

CCXLIX. The first comet whose period of rerolutioa 
has been determined with certainty, is that of the year 
1682, which had been already observed in 1607, by ^Lep* 
ler and Longomontanus,^ and in 1534^ by Peter Apian, 
and which reappeared in 1759, according to the predic- 
tion of Dr. HaUey. The period of this comet is about 76 
years. Another comet that appeared in the year 1264 
IS supposed to be the same with that which appeared in 
1556 ; if so, its periodic time is about 292 years, and con- 
sequently it may be expected to return in 1848. 

The appearance of one comet has been several times 
recorded m history. This is the celebrated comet of the 
year 1680, which, from the accounts of various authors, 
and from the circumstances which attended its apparition, 
seems to be the same with that which appeared in the 
year 44 B. C, or at the time of Julius Cesar, and in the 
years 531 and 1106 of the Christian era; also in 619 and 
2340 before the birth of Christ. As there is an interval 
of 575 years between all these periods except the last. 
Dr. Halley was therefore led to consider the comet of 
1680 as the one that had appeared at the times above- 
mentioned, that its period is about 575 years, and that it 
vnll not again make its appearance until the year 2254. 
This comet, when nearest to the Sun in 1680, was only 
one sixth part of the solar diameter distant from the sur- 
face of the Sun ; and when farthest, its distance exceeds 
138 times the distance of the Sun from the Earth; and 



OOXLVOL BownwiixeoiiieCiankiMmBtoremntloertahipef^^ ODZUQL 
What acconm li gtrw of each of thoM comeU 1 



xwiwKiy to Dr. HaDey, it is 22,41S tunes fiurdier firom 
the Sun, when in its ap^®li<^ ^^ ui its perihelion, its 
greatest distance from the Sun being not less than 
Ts,000,000,000 of miles. According to Newton, the 
velocity of this c€mt% when in the part of its orbit which 
is nearest to the Sun, is at the rate of 880,000 nules an 
hour ; but according to Squire, it ia not less than 1,240;- 
000 miles an hour ; and Newton calculated, that while in 
this part of its orbit, it was eiposed to a degree of heat 
MOO times greater than that ot red-hot iron. 

CCL. The periodic returns of three other comets are 
supposed to be ascertained. One of these has a period 
of about 20 years ; another, known as Encke^s comets 
leYolyes round the Sun once in about 1204 days, and the 
tfiird, generally designated the Comet of Btela, has a 
periodic time aoout double that of Encke s comet. 

CCLI. The tails of comets are sometimes of a most 
prodigious length ; that of the comet of 1680, which sub- 
tended at Paris an angle of 62^, and at Constantinople 
one of 90^ was at least 100,000,000 of miles in length. 
Various opinions haye been entertained by different phi- 
losophers respecting the cause of these extraordinary 
appendages, called tails. Some have conjectured the 
tail of a comet to be smoke rising firom the body of the 
comet in a line opposite to the Sun. Others regard them 
as being composed of yapours eleyated to; a considerable 
height by the yiolence of the heat to which they are ex- 
posed in their near approaches to the Sun. Dr. Hamilton 
considers the tails ofcomets, the aurora borealiSf and the 
electric fluid, to be matter of the same kind. Sir Richard 
PhiUps published in the Monthly Magazine the opinion, 
that this wonderful appendage of comets, is occasioned by 
die refraction, and consequent condensation of the Sun^ 
light through the dense atmosphere of the comet ; — ^hence 
Ae tail is always in an exact straight line opposite to the 
Sun ; and hence, on the principle of a convex lens, the 

'^^s. What la aald of Encke and Blela'a eomeU? CGU. Wbat la aaid of eometoP 
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tail lengthens as it approaches the Sun, and shoitens u it 
depaits. 

^ ' >. The following w tbe aiqwan 

k1 of the Bno aoa Tudbta 10 HI. 
Rg.33. 




THE nXED STARS. 



CCLII. Those luminoua points, or shining bodies, 
which always appear in the heavens at the same distance 
from each other, are called Fij:ed Stars ; because they 
do not appear to have any proper motion of their own. 

Obm-MJion I. The fixed ilan ire lominoui bodiea. Becaaw ther ap- 
pear ■■ point* of small maaTiitude, when viewed tfaroOKll ■ telaacope, ihef 
■nun be al neb immense diatancca ai to be iniiable lo the naked ejre tf 
tlier banuwRi their light i la ia the case with napect lo the aalelfim of 
Jnnler and Satum, dthou^ ther appear of verj diariagaiiAalde niapii- 
(nde throiuh a teleacope. BeaideB, ^m the weakneaB of reflected Jwit, 
there can be no doabt that the fixed atara ihine with their own light, Tnef 
an eoaily known from the planets, bytheir twinkling. 

2. The number of stars, visible al any one time to the naked eye, ia aboDt 



cou haa diacoreted that 
— Thei 

mtmitud „ — . 

otho^ which diflerence may arise either from a dii^ty in their real magoi- 



ie comparative bricbtneia of the ataia ia, Smua4.0C^ Ca- 
nopiia .9^ Omtauri .96, Achemi M, &c 
3. Tlie mtnitudea of the fixed atari appear to be diiierent from eadi 



. ._ . . _. from both theaa cauaes sotineconjmndr. The dif- 

fttanoe in the apparent magnitude of the stara ia auch as lo admit of Chair 

tMUg divided into aii classes, thr ' 

vtarniiiidt, aod the least, which at 

■fin inagnitadt. Stars only visible by the . „ . 

Tiraaiiiiii SCori. Dr. Halley very Juatly remarks, that the stars moat be 
infll^ m Dumbci to maintain their equilibrium in space. And Dr. Hmdld 

OOUL Which of the c 
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thinke he has seen stan 42;000 times as fJEir off as Sirius. In one instance 
a cluster of 5,000 stars, in a mass, ^'as barely visible in the 40 feet telescope^ 
and consiquontly must have been eleven trillions of miles ofT! 

4. Tu the bare eye, the stars appear of some sensible magnitude, owing to 
the glare of ligiit arising from the numberless reflections of the rays in 
conung to tlic cyo; this leads us to imamiie that stars are much larger than 
they would appear, if we saw them only by the few rays which come di- 
rectly from tlitni, so as to enter the eye without being intermixed with 
others. — Examine a fixed star of the first ma£;nitude through a ions and 
narrow tube, which, though it takes in as much of the sky as would hold 
a thousand such stars, scarcely renders that one visible. 

6. There seems but little reason to expect that the real magnitudes of the 
fixed stars will ever be discovered with certainty, we must, therefore, be 
contented with an approximation, deduced from theirparallax, if this should 
ever be asourtnined, and the quantity of light they afford us compared with 
that of the Sun. To this purpose, Dr. H^rschd informs us, that, with a 
magnifying power of 6450, and by means of his new micrometer, ne found 
the apparent diameter of a Lyrse, to be 0".335, or the third of a second. 

6. The ingenious observations of Kepler upon the maffnitudes and distan- 
ces of the wsjed stars, deserve to be introduced bore, anuthe more so as he 
has been followed in the conjecture by the great Dr. Halley. He observes 
that there can be only 13 pomts upon the surface of a sphere as far distant 
from each other as trom tne centre; and supposing the nearest fixed stars 
to be as far from each other as from the Sun, he concludes there can be 
only 13 stars of the first magnitude. Hence, at twice that distance from 
the Sun, there may be placed four times as many, or 52 ; at three times that 
distance, nine times as many, or 117; and so on. These numbers will 
give pretty nearly the number of stars of the first, second, third, &c. mag- 
nitudes.* Dr. Hallev farther remarks, that if the number of stars be 
finite, and occupy only a part of space^ the outward stars wquld be con- 
tinually attracted to those within, and m tune would unite into one. But 
if the number is infinite, and they occupy an infinite space, all the parts 
would be nearly in equilibrio, and, consequently, each fixed star being 
drawn in opposite directions would keep its place or move on till it had 
found an equilibrium. 

CCLIII. The ancients, that they might the better dis- 
tinguish the stars wi)h regard to their situation in the 
heavens, divided them into several constellations, that is, 
masses or clusters of stars, each mass consisting of such 
as are near to each other. And to distinguish these groups 
or systems from each other, they gaVe them the names 
of such men or things as they fancied the space they took 
up in the heavens represented. To these, severd new 
constellations have been added by modern astronomers. 

* This statement appears to be erroneoos, for, in this case, the whole number of 
slsrs visible to the naked eye from all sides of the Earth, would not much exeeed 
12S), ihe sum of the above numbers. 



What is said of the distance and number of the fixed stars 1 What reason have 
we to suppose that the number of stars is infinite 7 CCUn. What is a constella- 
tion 1 



FIXED STARS AND CONSTELLATIONS. 267 

Obsenaiion l<.The ideal delineations of those figures of animala and 
other objects, which include the constellations or asterismst are dispCTsed 
all over the heavens, and a particular situation is assigned to each, as may 
1>e seen upon a common celestial globe, or upon a planisphere or map of the 
heavens ; yet some spaces in the neavens remained here and there, which, 
according to the ancient distribution of the stars, were out of the bounds 
of the contiguous constellations. The stars which were included in those 
spaces were called Unformed Stars; but, as represented on the modem 
celestial globes, the constellations are made to comprehend all the unformed 
or extra-constellated stars. 

2. Besides the names of the constellations, the ancient Greeks gave par- 
ticular names to some single stars, or small collections of stars. Thus, the 
cluster of small stars in the neck of Taurus, the Bull, was called the 
Pleiades ; five stars in the Bull's Face, the Hyades ; a bright star in the 
Breast of Leo, the Lion's Hearty or Cor Leonis ; and a large star between 
the Knees of Bootes, Arcturusy &c. Several of the brightest fixed stars 
have also particular names, as Sirius, Aldebaran, Regulus, Castor, Procyon, 
Aloth, &c. 

3. As it would bo an endless task to give a proper name to each star, 
astronomers, in order that the memory may not be burdened with a mul- 
tiplicity of names, denominate the stars of each constellation by means of 
the letters of the Greek alphabet, which are applied to them according to 
their apparent relative size. The principal or brightest star in the constel- 
lation is designated by a Alpha; the next in brightness, by Beta; the 
third, by y Gamma\ and so on. When the number of stars in a constel- 
lation, exceeds the letters in the Greek alphabet, the letters of the Roman 
alphabet, a, b, c, d, &c., are applied to the remaining stars in the same man- 
ner ^ and when these are not sufiicient, the numbers, 1, 2, 3, 4. 5, <&c., are 
used to designate the rest in the same regular succession ; so tnat by these 
means, the stars may be readily known and spoken of with as much ease 
as if each had a separate name.* 

4. The celestial sphere is usually divided into three portions, the zodiaCf 
and the northern and sov them hemispheres, or more properly the two regions 
to the north and south of the zodiac. Astronomers have accordingly di- 
vided the constellations into three classes, called the northern, the soruthem^ 
and the zodaical. The number of northern constellations is 37, of the 
southern 47, and of the zodaical 12 ; making 96 in the whole. The ancient 
astronomers reckoned only 48 constellations — 12 in the zodiac, 21 to the 
north, and 15 to the south. Modern astronomers, however, by curtailing 
several of the ancient constellations of some of their stare, which they 
distiibuted into new constellations, and by arranging into constellations the 
unformed stars, or those which were between the ancient oonsteUationSi 
have increased their number to 96, as above stated. 

The term zodiac is derived from a Greek word signifying an animal, be- 
cause most of the constellations in that zone, which are twelve in numbei^ 

* The method of designating the stars in each constellation by the Greek and Bo- 
man alphabets, was the invention of John Bayer, a German lawyer and astronomer, 
^rtio introduced it into his Uranometria, or charts of the constellations, first pob- 
Bahed in 1608, in folio. But in our opinion, why not avoid all this perplexity and con* 
fiiaicm of Greek, Roman, and numerical characters, by adopting at onee the niunerical 
etaaiacters 1 

r III 

What is the use of distributing the fixed stars into constellations 1 What is meant 
by miibrmed stars 7 Are all the stars included in the several constellations ? How 
are die several stars in each constellation distinguished 1 How have astronomers 
ooutriredto be understood, when speaking of any particular Xar in a constellation 1 
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are represented by the outlines of the figures of animals ; as, AricMf the 
Ram ; 7\iuru«, the Bull; Gemini^ the Twins ; Canc«r, the Crab ; LeOf the 
Lion; VirgOf the Virgin; Libra^ the Balance; Scorpioj the Scorpion; 
SagUlariua, the Archer ; Capricomu9, the Goat ; Aquarnu, the Water- 
bearer : ana Piscu, the Fishes. 

6. The luminous part of the heavens, called the Milky- Way, consists of 
fixed stars too small to be seen by the naked eye. In a paper on the con- 
structions of the heavens, Dr. Herschel says: "It is very probable, that 
the great stratum called the Milky-Way, is that in which the Sun is placed, 
though perhaps not in the centre of its thickness, but not £ar from the 
place where some smaller stratum branches from it. Such a supposition 
will satisfactorily, and with great simplicity account for all the phenomena 
of the Milky-Way, which, according to this hypothesis, is no other than 
the appearance of the proiection of the stars contained in this stntnm, 
and its secondary branch." 

6. In another paper on the same subject, he says : — " We will now retreat 
to our own retired station in one of the planets attending a star in the 
great combination with numberless others; and in order to investigate 
what vvrill be the appearances from this contracted situation, let us begin 
virith the naked eye. The stars of the first magnitude, bein^ in all prob- 
ability, the nearest, will furnish us with a step to begin our scale; set- 
tinji; off, therefore, with the distance of Sirius or Arcturus, for instance^ as 
unity, we will at present supposes that those of the second magnitude are 
at double, and those of the third at treble the distance, and so forth. Ta- 
king it then for granted, that a star of the seventh magnitude is about seven 
times as far from us as one of the first, it follows that an observer, who is 
enclosed in a globular cluster of stars, and not far firom the centre^ will 
never be able, with the naked eye, to see the end of it ; for since, according 
to the above estimations, he can only extend his view about seven times the 
distance of Sirius, it cannot be expected that his eyes should reach the bor- 
ders of a cluster, which has perhaps, not less than fifty stars in depth every 
where around him. The whole universe, therefore, to him, will be com- 
prised in a set of constellations, richly ornamented v(dth scattered stars of 
all sizes. Or, if the united brightness of a neighbouring cluster of stars 
should, in a remarkably clear night, reach his si^t, it will put on the ap- 
pearance of a small, faint, nebulous cloud, not to be perceived without the 
greatest attention. Allowing him the use of a common telescope, he begins 
to suspect, that all the milkmess of the bright path which surrounds the 
sphere may be owing to stars. By increasing his power of vision, he be- 
comes certain, that tne Milky- Way is, indeec^ no other than a collection of 
very small stars, and the nebuls notmng but clusters of stars." 

7. Dr. Herschel then solves a general problem for computing the length 
of the visual ray .-—that of the telescope^ which he used, will reach to stars 
497 times the distance of Sirius. Now Sinus cannot be nearer than IOO,OOOX 
190,000,000 miles, therefore, Dr. Herschel' s telescope will at last reach to 
100,000X190,000,000X497 miles.« And Dr. Herschel says, that in the 
most crowded part of the Milky-way he has had fields of view dmt con- 
tained no less than 588 stars, and these were continued for many minutes, 
so that in a quarter of an hour, he has seen 116,000 stars pass through the 
field-view of a telescope of only 16' aperture; and at another time, in 41 
minutes, he saw 258,000 stars pass through the field of his telescope. Every 

* This part of the obseivatioo aeems to be quite ezceptiooable, and ineooslsteBt 
with Dr. Herschel's own observations elsewhere on the same subject 

What is it that produces the lunUnous appearance called the milky-waj Y 
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fanpioTeiiient in his teletocme has diieovered stan not wen before^ «> that 
there appear no bounds to tneir namber, or to the extent of the nnivene. 

8. There are spots m the heavens, caJled NebuUe, some of which consist 
of dusters of telescopic stars ; othws appear as himinous spots of difierent 
forms. The most considerable one is that which is about midway between 
the two stars on the Blade of Orion's Sword, maifced $ by Bayer, and dis- 
eovered in the year 1656 by Huygens. It consists only of 7 stars ; and the 
other part is a bright spot upon a dark grouncL and appears like an opening 
into brijzhter regions beyoncL Dr. Halfev and others naTe diaooTered nebu- 
lae in dmeient partsof the heeivens. In the Coimialtanudm 7\^Hm, far 1783 
and 1781 there is given a catalogue of 103 nebnUe ot ta ii r e d by l#e Messier 
and M. Hechain. But to Dr. Herschel we axe indebted kr catajognes of 
aOOO nebulae and dusters of stars, which he himself bad diacoveired.' Some 
of themfimn a round compact system ; others are moreirrqgular, of Tarious 
Ibnnsi and aome are long and narrow. The appearance of hmdnous 
apaoea in the heavens, Sir rachard Philips denies to ariae Ih^n U^tp«r «e; 
Imt ascribea the luminosity of all such spaoes to the multttade of plahets^ 
aateroids^ satellitee^ aud cometary bodiee^ with which those s|»aoea are filled. 

9. New stars sometimes appear, while othera disappear. Several atars, 
mentioned by the ancient astronomers, are not to be mund} several arenow 
▼inble to the naked eye^ which are not mentioned in the andent catalogues ; 
and some stars have suddenly appeared, and again aftir aeon^daable in- 
tarval, vaniahed ; alao a change of place haa been obaerved m some stars. 

10. From an attentive examination of the stara with good teleacopea, many 
vrfiich appear only single to the naked eye^ are fimnd to con^st of nnmeirous 
stara. m BereuUBf is a double star, so is « BoaU» ; and Dr. Hersclkel, by his 
hMhly improved telescopes, has found about 700. "^ - 

From a secies of obaervationa on double stars, Dr. Heraohel haa found 
that a great many of them have changed their situations with regard to each 
other; that the one performs a revolution round the other; and that the 
motion of some is mrect, while that of others is re t rt^rade. He has ob- 
served that there is a change in more than 50 of the double stars, either in 
the distance of the two stars, or in the angle made by a line joining them 
irilh the diieetkm of their daily motion. 

Dr. Herachd haa obsmved that the smaller of the two stars oompoafaig 
Castor, haa a revolutk» of 3421 years round the otheri the double atar y 
Leonis haa a nariod of 1200 years; < Bootes^ of 1681 yaaras ' Serpentia or 
87B yaaxa; y yirgaaa, of 70B.year% ^nd so of the rest :— bnt the life of one 
nan ia evidently too ahort to attain correct reaults^ in nipid to penoda ao 
dlRNraiiortkmate to hia namw apace of existenoa. 

IL Theae motiona of the staia among 'themaelvaa bdng appiient to ob- 
— taliou, the doctrine of Dr. Herschel and other aatrtmbmera is nndend 
■pnbaUs^ that the Sun has a motion or orbit of its own amon^ the flxad 

ffraof the Ulky-Way, at the rate of the Earth's motion^ cairymff witbit 
the planets^ juat aa the planeta themaelveab earry with/tham tblBir m- 
tona of apitellitea in their owii oririta, Tlie rotatfim of toa Son on Ha la- 
dined axis^ aooording to the thecny of Sir Richard PhSEps^ aeama to mdioata 
tka aotkm of a eentnfligal tone m the Sun, and to laMsr IN noiioii^ dttt 
iimmMi aolar ayatomia analogona to a pnmary and ila i|aklliteab eanad- 
Imly-prabaUa. 

What ue those qtots called nebobe, wbieh are seen in dUfcr eot parts of the 
hesTenal What if said coneerninf the i^ypearaace of new stara t what ia said 
paneemiiii double atan, tholf revohuioaa round each other, and their propermolkias 
IRfenmul What biferenceia drawn from the proper inocioiis of the find slusV ' 

23* 
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h«l iJioal or ajntent which wa (tall the HQkv-Wajr, aod that all <M atM 
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CCLIV. The Annuo/ ParaJlax of a bearanly bodj, 

ii ihe change of its apparent place, a« riewed from Ifte 
JBarth in its annual motion ; and Is the angle which tibs 
diameterof the Earth's orbit would subtend, if Aat diamo- 
ter could be Tiewed from the hearenly body. 

CCLV. If the distance <^ an object is neater tlian 
400)000 times the base, the angles nt the BtatioBS do pot 
■ensibly differ from right anj^es; consequeatly, the linM 
drawn from the object to the stalions, are pbjxicjd^ 
parallel, and the panillax t^ an object, the dwtenea 'pi 
which is abore 400,000 times greater than thttt botWOVtl 
Uie two stations of observation, is consequently insan^hb. 
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OhfervtUUm. If the object is it a greater distance from either station than 
MlpOO tunea the base, the angle at one of the stationa bcdng SO**, the angle 
at the other will be more than 89^ B9' 57'^9, the difierence of which angle 
and 90° being acaroely more than 2\ is too small to become sensible oj 
observe tioiL 

CCLVI. If the parallax of an object, observed with an 
instrument sufficiently exact to measure an an^le of 2"^ be 
inseniible, the distance of the object from either station 
cannot be less than 400,000 limes the base, yet it may be 
greater in assignable ratio. 

OltservaHon. Lines drawn from any given points in a base^ to an object^ 
may be esteemed in practice, parall^ without any sennble error, if the dis- 
tance of the object be more than 100,000 times the base. Rays, therefore^ 
diverging firom any point in the Sun*s disk upon the surfece of the Earth, 
may he esteemed paimllel, if their distance from each other does not ezceea 
about 970 miles at the Earth's surftce ; becanse 970 is to the distance of the 
Earth from the Sun in a proportion of 1 to lUO^OOO. 

CCLVII. The fixed stars have no sensible annual 

Earallax, because virhen the place of any star is observed 
y the best instruments, from opposite points of the 
£arth's orbit, its apparent place in the heavens remains 
the same ; which could not be the case, if the angle of its 
parallax were so much as two seconds, 

ObservaHan 1. Henoe it wpeara that the fixed atan are so remote, that 
a diameter of the Earth's oi6it bear* no sensible prop o r ti on to their distance : 
or that a diameter of the Earth's orbit, if viewea fiom one of the fixed stars 
would appear as a point. 

2. The distance of a star must be greater than 100,000 times the base, from 
the extremities of which it is observed; that ia, greater than 100.000 times 
the diameter of the orbit of the Earth, or greater than 100,000X190,000,000, 
which is nineteen bilUons of miles as the least possible distsnce of the nearest 
fixed star. 

3. The parallax of a fixed star, being not more than 2^', the -Sun, when 

32' 3" 

viewed tmm that star, would appear under an angle less than or 

1. ^ 200,000' 

leas than — , and, therafiwe^ oould not be distinguished horn a point. 

4. Since bodiea, equal in magnitude and splendour to the Son, being placed 
at the distance of the fixed stara, would appear to us aa the fixed stars now 
do^ it may be supposed probable^ that the fixed atars are bodiea similar to 
the Sun, which is the centre to the solar ayatem. This being the case, the 
reaaon will appear, why a fixed star, when yiewed throueh a telescope msg- 
nifying 200 times, appears no other than a point. For we apparent diame- 
ter of the star being leas one hundredth part of a second, when magnified 200 
time% will subtend an angle .less than 2^', at the eye of the q>ectator ob- 
MTving it in the telescope. 
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Air. An elastic fluid. The atmosphere which •orroondsthe earth, floe pneoniatiei. 

Am Pdmp. An instrument bv which vessels may be exhausted of air. 

Altitudb. The height in degrees of the sun, or anj heavMiljr tMHl^ above tbt 

horizon. 
Anolb op Inoidbncb. See Optics, jMge 116. 
Amolb of Rbflbgtion. See Optics, ^ige 116. 
Anolb op Vision, or visual an^^le. The space contained between Unea dFawn ftom 

the extreme parts of any object, and meeting in the eye. 
Antarctic Circlb. See page 206. 

Aphelion. That part of tne orbit of a planet which is &rthe8t from the sun. 
Apocbb. That point in which the sun or moon is ferthest from the earth. 
Arba. The surface forming the boundary of any figure. 
Aribb. One of the 12 Signs of the Zodiac. 

AsTBRoiDs. (Like stars.) The name of the planets, Ceres, Juno, Pallas, and Veala. 
Abtronomt. See page 186. 
Atmosphsbb. See Pneumatics. 
ATTRAomir. See page 12. 
Attraction op Cohbsion. See page 14. 
Attraction op Gravitation. See page 12. 
Axis op thb Earth, or op ant op thb PLAMBxa An imacinary line passing through 

their centres, and terminating at their poles ; around Uiis they revolve. • 
Axis of Motion. The imaginary line, around which all the parts of a body revolve. 
Balloon. Any hollow glpbe. The term is generally applied to those wMch are made 

to ascend in the air. See Balloon in Jnaex. 
BAROBcnn. Commonly called a weather-glass. See Barom^er in IndeSf and p. S7. 
Body. See Matter. 
BoRNiNa-OLAss, OR MiBROR. A leus, or a tnirror, by which the rays of light, and heat, 

are brought to a focus, so as to set bodies cm nre. 
Cambra Obsodra. See page 161. 
Capillabt Tubbs. See page 17. 

Catoptrics. Tliat part of the science of Optics which treats of the reflection of li|^ 
Cbmtbb op Oravitt. See page 31. 
Cbntbb op Motion. See page 32. 
Cbntral Forgbs. Those which either impel a body towards, or from, a centre of 

motion. 
CBNTRipveAL. Iliat which preu a tendency to fly from a centre. 
Cbntbifbtai*. 'That wtiich impels a body towards a centre. 
Circlb. A flgnre, the periphery, or circumference of which, is evearj where eqoaUy 

distant from the point called its centre. 
CiBCUMPBKBNOB. That which forms the boundary of a circle, or any oUier figura. 
CoMBTs. See page 261. 
Cohesion. Sbb Atiraction. 

CoHOAVB. Hollowed out: the inner surface of a wateh-i^afls is ooncave. 
CoMYKC Projecting, or bulging out, as the exterior suriace of a watch-glass. 
CoNB. A body somewiiat resembling a sugar-loaf; that is, having a round mms, sua 

sloping at the sides, until it terminates in a point 
CoNiTTNCTiDN. Whcu tiuTec of the heavenly bodies are in a straight or right UbSi if 

Sou talce either of the extreme bodies, the other two are in ctn^unctlMi wttb It: 
ecause a straight line drawn from it^ mi|^ pass through the centres of both, sad 
join them togeuer. 
(^kmsTBLLATioN, OB SuHi A coUoctloa of stars. Bee page 189l 
CoNVBROBNT Rats, are those which approach each other, so as eventoalj lo^mtst 
CoRviLiNBAB, coosisting of a line which Is not strai^t, as a portion of a cfarele. 
Ctlindbr. a l>ody in the form of a roller, having flat circolar ends, and beiof ot 
equal diameter throughout 
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I'' 1 c:rc'.e . f &r.j »;ze be JividM into 360 equal parts, each of these putiif 
rails i 1 drzrrr One quaner of a circle coniaiaa uuiety degrees. 

Diiu- NAL. A '...L-e liriwa so as to connect two remote angles of a sqaare. 
DiAMSTSs. A ^-tr.v.^v. !:r.e pas^.n£ through the centre and terminated at both ends. 
T>:LxrxT:oy T:. iV: '■*!'iiiv:ri-As;!iVin sizo. 

D:.-»?Tii:.-s. T..i: ^:-. ».■■:: of (.>;::.■* which treats of the refraction of rajs of light 
Dzvsxjsvr Ra"v 5. T..' ->•. wli.i-h are continually recoiling from each other. 
D:-. ;».B.LirY *' -.vs. .'..:_> l-:' :e;ag diviJe-.lor of'having the (tarts separated. 
Do r:.s KsfXAJTicN. See '.*; :u*. 

Dtxajik's r,.Ai !.\i^..n of :iie scj«^nce oi Mechanics, which considers bodies as 
AC'. : ::iva :•/ :' ro<-s not in (^itibrio. It therefore treats of bodies in motion. 
EcNO. A £oiin.i'roilf«::ed l/ic£ by some substance, or sur&ce. 

Ect.ipr:c. A o:r<.lo :n :he heavens. The apparent path of the sun, through the 

Ela!«ti*:7V. Siv i»i:f lb*. 

Els: tk:.-*. S-.j: <:i:.l ^s in wh!ch eleciricirv may be excited, non-conductoxs. 

ELEorso-MA.'.NBnsx. 15 tlio science shnwing the' connexion between Electricity and 

M4L^iet::»iu. See ,Vi:^H»f:c £'.*•:! •^•:ittf. 
Ellipsis. An ot^L T)iis n^ure diners from a circle, in being unequal in its diame* 

tvF^ azi.l Mi :.Avir..- two ceiitros. or points, called its^cxri. 
E<ti-.\Tx>R. 1';. . :.ij!::.uy line wiiich divi les the earth into northern and southern 

hfi.i:^; ':.( rrA. a..>i wi.ion i:! e^iiallr distant I'mm each pole. 
Ei^vATi. N Or' TiMn: T -.e difT.Ttiire beiw^ei* the time shown by a watch and that 

dci)>!t i L>y .i ^l:I. i!:il: or thi^ liitTt-rence between mean and true time. 
E«i: ii.iBsii-.M W:ie:i :wo anii'les i-xactlv tabnce each other, they are in eqpailibriam. 
E*^v iNox. T . . •- : wo pc lie*' !s of time at wfiic h the nig.as and days are equaL See p. 214. 
ExiKssios. :i i; 1* pro^'ertT ofoccupyiun s...ii*e. 

pLrin. A fiTin <>f liij[t»>r, 'in which it's pan/c^e:' reaiiily flow, or slide, over each other. 
A;rs. or clis«'>. are ca'led el.isMc fluids, because they are readily reduced to a small- 
er bulk i>y pr(.-s<ure. Ljiiuids. are denonnnaied non-elastic duids, because they 
8u:ter buc'liiiie diiiiinnnon of t>ulk, by any mechanical force. 
FiKTS. Th *r point in whit h convoreiiip rays unite. 

FoaoB. Tliai |M^wer which acts upon a bo.'iy. either creating or stoppiiu; motion. 
Foi'NTAiN. A jet. 01 stri-ain of Wiuer. force«'l upward by the action ofother wateFi 

by air. or i«oine other mechanical a£eni. 
Friction. The nilibin^ of bodies together, by which their motion is retarded. Fric* 

lion may be lessened, but cannot be destri>yed. 
FuLCRi-M.' .\ prop. The iHjiiit on which a body is supported, and moved. 
Gas. Any kin-i of air : of these there are several. Tlie atmosphere consists of two 
kinds mixed, or combined with each other, called oxygen and nitrogen. Every 
kind of aeruil substanri^ that is not readily converted to a liquid is called a gas. 
Globb. A sphere, or ball. 
GRAvrrr. See pace 13. and the following. 
Harmonv. \ con'ibination of musical sounds. Harmony is the combination of two 

or more sounds, whereas melody is one agreeable sound. 
Hbmisphbrb. Half a sphere or globe. 

Horizon. This is generally divided into sensiblet and rational. See page 287. 
HoRxzoNTAL. f^vel ; not inclined^ or sloping. 
Htj>raulics. See page 75. 
DroROSTATios. See page 64^ 

HroROMBTBR. An instrument used to ascenain the specific gravity of tliffisrent lliilda. 
UvpBRBOLA. A peculiar carved figure treated of in conic sectimu. It is alao iUiuh 

trated in this work under the head of capillary attraction. 
Im AOB. The picture of any object which we perceive by reflected light. 
Impbnbtrability. See page 10. 

Inoidbncb. The direction of a body, or ray of light approaching aooCfaer. 
Inolinbd Plans. One of the six mechanical powers. 
Inxrtia. One of the inherent properties of matter. See page 11. 
Imhbrrnt Proprktibs. Necessary : called also essential properties. 
Invisiblb Ladt. Sec acoustics, page W9. 
1 - — - — ^K. Distance from the equator, in a direct line towards either pole. 

■■ Parallrls op. Lines drawn upon the globe, parallel to the eqtnlor. 
m page 117. 
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LxvBit. One of the mechanical powers. See page 38. 

Light. That principle, by the aid of which we are able to discen) all visible objects. 

LoNoiTuoB. Distance measured in degrees and minutes, either in an eastern, or a 

western direction, from any given point either on the equator, or on a parallel of 

latitude. 
Luna. Relating to Luna, the moon. 

Ldminous Bodies. Thosejwhich emit light from their own substance ; as the mm, 
Maoic Lanthorn, or Lanthorn. An optical instrument See pape 153. 
Magnetic Electricity. That science in which magnetic effects are produced by 

means of electric currents. 
Magnetic Polks of the earth ; those points of the earth near the north and south 

poles where tlie intensity of the ma^etic force is greatest. 
Magnetism. See Magnetic Electricity. 
Mathematics. Tlie science of numbers and of extension. Common arithmetic} is 

a lower branch of the mathematics. 
Matter. Substance. Ever^ thing which has length, breadth, and thickness. 
Mass. Tike quantity of matter in a body. 

Mechanics. That science which investigates tlie principles of every machine. 
Medium. In optics, is any body which transmits light Air, water, gkss. 
Mblodt. a succession of such single musical sounds, as form a simple air or tone. 
Mercurt. That planet which is nearest the sun. Quicksilver. 
Meridian. Mid-day. A meridian line, is one which extends directly from one pole 
* of the earth to the other ; ciossing the equator at right angles. 
Microscope. See page 147. 

Minute. In time, the sixtieth part of an hoar. In length, the sixtieth part of a degree. 
Mirrors. Polished surfaces of metal, or of glass coated with utetal, for the purpoae 

of reflecting the rays of light, and the images of objects. Common looking-glaaBeii 

are mirron. Those used in reflecting telescopes, are made of motedL 
Momentum. See page 22. 
Motion. See page W. 
Neap Tides. Ksee page 238. 
Nodes. Those points in the orbit of the moon, or of a planet, where it crosses the 

ecliptic or plane of the earth's orbit 
NoN Electrics. Substances which cannot be readily excited by friction. 
OPA4.UB. Not transparent ; refusing a passage to the rays of light. 
Optics. That branch of. science which treats of light, an'd vision. See page 109. 
Opposition. Wheh two planets are on opposite sides of the sun. 
OuBiT. The line in which a primary planet moves in its revolution round the sun. 
Parabola. A particular kind of curve ; that which a body describes in rising and in 

falling, when thrown upward, in any direction not peri)endicular to the hon7x>n. ' 
Parallax. Sec p. 272. 

Parallelogram. A figure with four sides, having those which are opposite, paralleL 
Parallel Lines. All lines which are at an eqiud distance from each other. 
Parallel ok Latitude. See Latitude. 

Perihelion. That part of the orbit of a planet, which is nearest the sun. 
Pendulum. A body suspended by a rod, or line, so that it may vibrate, or oBciQato. . 
Penumbra. The imperfect darkness which precedes and follows an eclipse. 
Perigee. Thepoints in which the sun and moon are nearest the earth. 
Perihelion, liie point of an orbit nearest the sun. 
Percussion. The striking of bodies against each other. 

Period. The time required for the revolution of one of the heavenly bodies tnitsorbit 
Perpendicular. Makiug an angle of 90 degrees wiUi the horlson. 
PHAdBs. The various appearances of the disk, or ftce oflte piooa, and of the planets. 
Phenomenon. Any natural appearance is propeiiy so celled. 
Physical. Belonging to material nature. 

Physical Sciences. Are included in the term Natural PhUowphy in its most ex- 
tended sense, including Aatronomy, Heat, Electricity, Magnetism, &c. 
Planet. Those bodies which revolve round the son, m orbits nearly circular. Thej 

are divided into primary, and secondary ; these latter are also cadled satellites. 
Pneumatics. That branch of natural philosophv, which treats of the atmosphere. 
Poles. The extremities of the axis of our earth, or of any otlier revolving sphere. 
Power. That force which we apply to any mechanical instrument, to efiect motion. 
Precession op the Eciuinoxbs. See page 246. 
Prism. The instrument usually so called, is employed in optics to decompose the 

solar ray : it consists of a piece of solid glass, several inches in length, and having 

three flat sides ; the ends are equal in sTse, and are of course triangolar. 
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pwuKonoii. That force by wUoh modon It giTen to a bocty, by ■auM power meOng 

apon it, bidependently of gntTl^. 
PVLLBT. One of the six mechanical powers. Bee page 45. 

PoiiF. An hydraulic, or pneumatic inatroment, for the purpoae of raising water, Ac 
QvADRiLMT. Aquarteroi a circle. An instrument used to measure the elenUion of 

a body in degrees above the horizon. 
EADLinoM. Tiie passage of liglit or heat in rays, or straight lines. 
Rainbow. An appearance in the atmosphere, occasioned bv the decomposition of 

solar iiglit, in its refraction, and reflection, in passing through drops of rain. 
Rat. a single line of light, emitted in one direction, from any lummoos point 
RiccsrvBB. This name is applied to glass vessels of various kinds, appertuning to the 

air pump, and from which the air may be ejchausted. 
RanuoTioN. See page 114. 
Ibpbamoibilitt. Capacity of being refkacted. Light is decomposed by tbe prian^ 

because its component parts are refrangible in drnfe rgit degrees. 
■WLsioM. A tendency m particles of matter, to recetlV^um each other. 
Kami A. The internal surfitce of the back part of the eve. consisting of the nerve oi 

Che eye spread out in a net worlc, on which images of objects are JbnnedL 
Batbllitbs. Moons, secondary plamets. 
flau-DiAMBTBR. Half thc diameter. In the earth, it is the distance ih>m its sorlbe^ 

10 its centre. 
*^— lifi Belonging to stars. See Siderial Time, p. 2U). 
■mns. or CoMSTBLLATioNS. Ck>llections, or groups, of stars. Those of the aodiac are 

iwelve. corresponding with the twelve months hi the year. 
ftnr. Tnat vast expanse, or space, in which the heavenly bodies are situated. 
floLAB. Appertaining to, or governed by, the sun : as the solar system, the solar year. 
Jsgiip. A solid bodyls one whose parades do not easily move amoogai each other, 

while liquids do. 
■oMoaous BoDiBs. Those bodies which are capable of vibration, so as to emit sounds. 
SPBomo OaAviTr. The relative weight of bodies compared with a standard, page G3L 
SnoTBim. The rays of light separated into the seven primary colours, and spread 

out on a surface. See page 141, and the following. 
Anuaa. A globe, or balL 

fSrKaaow. Spherical; a body approaching neariy to a sphere in its figure. 
inuRO Tmas. See page 234, and the following. 
Stae. The fsed stars are so called, because they retain their relathre ■iCnatlons; 

wliile the planets, by revolving in their orbits, appear to wander amongst Uie stars. 
Wmmunana. The surface of any figure. i^Mice extended in lengtti uia width. 
TkLBSooni. An instrument by which distant objects may be dlMinctly seen ; tbo 

images of objects being broiuht near to the eye, and greray magnified. 
VnonaATB ZoMBs. See rage 206. 
Vbbbid Zonb. See page 206. 
I^AWsiT. Mercury or Venus, are said to transit the sun, when they pass iMtfwaai 

the earth and that luminary. They then i^pear like dark spots, upon tl&e fiice of 

the sun. 
TkairaPARBMT. Allowing the rays of light to pass freely throu|^. 
Taonoa. See page 206. 

▼ntnoAL. EjocUy over our heads : ninety degrees above our horiaon. 
I'^BBATioN. The altemate modon of a body, forward and backward: swinging. 
Hhdvlation. a vibratory, or wave-like motion communicated to nuids. Soimd la 

aald to be propaaated by the undulatory, or vibratorr motion of th6 air. 
WBDea. One of the mechanical powers. See psge 60. 
Wmjuui AMD Azlb. One of the mechanical powers, used under varioua mo<fifici^ 

Clans. Cranes for nJslnff weights^ the wheels and pinloiis of docks and watchea 

windlasses, ftc. are all applic^ns of this power. 
toMAO, A broad belt in the heavens, extending neai|y eight degrees on each side of 

Oie ecliptic ; the planes of the orbits of all the planets are Indnded within this 

Som. Divisions of the earth, flee Drigidj Ttm p trah, wad Torrid Zomm, page 206, 
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